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ABSTRACT

The report examines the facilities of the water supply, sewage, and
drainage systems in the City of San Jose; assesses thelr vulnerability to
ine effects of the nuclear attack postulated for the first iteration of
the FIVE CITY STUDY: and presents a proliminary estimate of the postattack
capability of thesc systems and their interaction w#ith the electric power
system. Additional data presented are: guides for analyzing the vulner-
ability of water, sewage, electric power, and natural gas facilities to
the effects of a 5-MT nuclear burst; and methods for performing rapid net-

work analysis of water supply systems.
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PREFACE

The research covered in this report was conducted in the Institute's
Management and Social Systems Area on Contract Number OCD-PS-64-201, Sub-
task 39, as part of the OCD FIVE CITY STUDY. The research was directed by
Richard K. Laurino, Manager, Operations Analysis Program. Project leader
was Davia W. Goodrich. This report constitiites a final report on OCD Work
Unit 43342 monitored technically by Richard E. Bothun, of the SEi Civil
Defense Technical Office.

Assistance in data collection under the direction of Judsor A. Harmon

was provided by Engineering-Science, Inc., Arcadia, California, through

subcontract to SRI.

Assistance in describing the water and sewage system operaticns was
provided both to ESI and SRI by Mr. L. F. Dunton, Manager, Planning Divi-
sion, San Jose Water Works, and Mr. Frank M. Belick, Yunager, San Jose-

Santa Clara Water Pollution Control Plant.

mhe authors also wish to express their appreciation for the research

assistance of Lung Hsin Wu, Lyle Schump, and Rae Wong.
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I INTRODUCTION AND SUMMARY

Five City Study

In addition to making efforts to protect the popuiation from the ini-
tial effects of nuclear attack, the Office of Civil Defense must make
efforts to ensure that the population surviving such attacks also has
adequate facilities and supplies to sustain themsszlves during the period
necegsary to effect recovery of the nation. 3Studies of the survivability
of population, resources, industry, and utilities and their ability to
recover from the effects of nuclear attack must be made. The FIVE CITY
STUDY includes certain elements cf the research prograi involved with in-
vestigating the many and varied problems concerner with the damage to and'

recovery of selected metropclitan areas from the effects of nuclear attack.

Office of Civil Defense Work Unit 4334A, "Local Vulnerability of Util-
ities,”" as one of the many studies participating in the FIVE CITY STUDY,
has been concerned with the vulnerability of the water, sewage, and drain-

age systems in San Jose, California.

Scope

As originally conceived, Work Unit 4334A was concerned with essentially
ail local utilities, namely, water, sewage, drainage, electric power, nat-
ural gas, communications, and transportaticn., Subsequent to initiation of
the study, the scope was reduced to include water, sewage, drainage, traﬁs-

portation, and communications systems.

The FIVE CITY STUDY is an iterative process. This report deals with
the first iteration of the FIVE CITY STUDY in San Jose, California, and re-
ports the expected damage that would result from an assumed 5-MT nuclear
weapon detonation 14,500 feet over the southern end of San Francisco Bay
north of the City of San Jose {Latitude 372735N, Longitude 1220329W at
8:52 pm PDT on August 24, 1965.




This report describes and analyzes the vulnerability of the water, sew-
age, and drainage systems facilities in San Jose as they existed on August 24,
1965, with <ivil defense preparedness and countermeasures that existed at
that time. No attempt is made to analyze postattack recovery; this is the
subject of another OCD work unit. The transportation and communications

systems are to be analyzed and reported separately.

Qggectives

The objectives of this work unit for the water, sewage, and drainage

systems were to:

1. Determine the extent of damage and service interruptions to be
faced by local utilities in the event of nuclear attack,

2. Review and codify emergency countermeasures that may be emploved
to modify the interruption cf utility services following nuclear
attacks.

3. Determine the interactions among the various separate utilities
and the effects of these interactions upen the ability of the
utility system as a whole to maintain service after e auclear
attack.

4. DProvide damage information to facilitate future study of the
cost and effort required for the reccovery of local utilities
following nucléar attack.

5. Develop a methodology bv which the effects of nuclear .. tacks
upen local utility systems may be rapidly and comprehensively
analyzed, taking into account the interactions among the various

separate utilities.

(=1}

Provide information to enable study of the interactions between

the lccal utilities system ard other segments of the economy.

Since the FIVE CITY STUDY is an iterative process, these objectives
will not be completely achieved until more than one iteratiou has been
performed in each ol the FIVE CITIES. However, this report presents an
initial effort toward fulfilling the above objectives.




P AP ROy

AP ey

B s ol N SRR oy — [P -

.- e s L i e o ek ame et S A TR e S

The report presents the damage to the facilitles of, and the associated
service interrupticn of, the water, sewage, and drainage systems in San Jose
as a result of the assumed attack, Some emergency countermeasurex that may
be employed to modify the interruption of service are discussed but further
work is required in this area. The interactions between the water, sewage,
and drainage svstems and the electric power system are analyzed, but addi-
tional research concerning interactions will be required when the work

units studying electric power and natural gas complete their research.

This report and the FIVE CITY STUDY Working Pupers* associated with
it provide damage information to facilitate future study of the cost and
effort required for recovery of the water, sewage, and drainage systems
in San Josze and also provide information allowing stud— of the interac-
tions batween these utilities and other segments of the economy in San
Jose, This report also presents the basis for development of a method-
ology to analyze the effects of nuclear attack upon locual utility systems
and discusses methods for rapidly performing retwork analyses of water

supply systems.

Summary

Water Supply

The water supply svstem in San Jose is highly dependent on electric

power for well and booster pumping. However, since the San Jose Water

* "San Josc Water Supply System--Station Damage Reports,’ FIVE CITY STUDY
Working Papers 55-11101-4334A-01 to -19, Stanford Research Institute,
TN-0AP-101 to -119, October 1966.

"San Jose Water Supply System--General System Description Report,"” FIVE
CITY STUDY Working Paper 5S-11101-4334A-20, Stanford Research Institute,
TN-OAP-120, November 1966.

"San Jose Drainage System,’ FIVE CITY STUDY Working Paper 5S-11101-4334A-21,
Stanford Research Institute, TN-OAP-121, December 1966.

"San Jose Sewage System," FIVE CITY STUDY Working Paper 5S5-11101-4334A-22,
Stanford Researcih Institute, TN-OAP-122, January 1967,

"San Jose Water Supply System--System Degradation Report,” FIVE CITY STUDY
Working Paper 55-11101-4334A-23, Stanford Research Tnstitute, TN-OAP-1.3,
January 1967.
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Works obteins its water supply Jrom both groundwater and surface water
sources, some rysidual supply capability will exist in the event that the

supply of electric power is interrupted.

Immediately after attack, if power iz interrupted, the water supply
system will be able to supply about 2 days' normal demand in 90 percent of
the service area. This will deplete available distribution storage, and
gfter 2 days, the capability would drop to 25 percent of normal demand for
an additional 47 days. This will deplete impoundment storage. Without
power for well and booster pumps, water for sustained fighting cf mass fire
or for other high consumption rate uses would not be expected to be avail-

able at the required volumes or pressures.

In the event electric power is not interrupted or after the initial
power failure was corrected, the water supply system would be able to
supply 125 percent of the average August 1965 demands without depleting
available distribution storage. The availability of excess pumping capac-
ity and distribution storage would be expected to permit limited firefight-
ing, provided that firefighting flow did not withdraw water to such an ex-
tent as to degrade the water pressure below required minimums. This pro-
vision could present a major problem in the custained fighting of mass fire

even with an undamaged water system.

After several days to, at most, a few weeks following the attack, full
preattack production capacity and distribution would be expected to be

available.

The lack of fallout will be a deciding factoi in the postattack capa-
bility of the water system. If fallout were present, postattack manual
control of the system would be difficult at best, with a resuliing de-
crease in capability.

Sewage

The sewayge collection system in San Jose was found to be only slightly
dependent upon electric power, since the collection system is predominantly

a gravity collection system. No significant damage is expectied to occur
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to the collection system as a result of the attack, and thereforas no
postattack problem is expected to hinder the collection of sewage in
the city oif S8an Jose.

The sewage treatment plant, which performs both primary snd secondary
treatment, is highly dependent on electric power for its operation. The
prctlem is different, however, from that encountered with the water sup-
ply systemn, singe the San Jose~Santa Clara Water .vollution Contrcl Plant
produces its own power and has no provision for the importation of outside-

power.

The sewage treatment plant, in addition to using large amounts of
power, requires large volumes of process air. Extensive damage is ex-
pected to occur to the power generation and air production equipment and
3 the auxiliary equipment necessary for power distribution and plant con-
trol. As a result of the damage, no sewage treatment will be possible,
and the sewage will therefore have to bypass the plant through an existing
bypass line and discharge directly to San Francisco Bay. After some post-
attack emergency repair, perhaps orn the order of several man-days, chlori- g

nation to attempt disinfection of the bypassed sewage may be performed.

Sufficient repair to permit primary treatment before bypassing the

T

sewage to the bhay would require perhaps on the order of a few man-years.
Restoring the treatment plant's ability to perform full primary and sec-
ondary treatment and siudge handling would demand extensive reconstruction,
% requiring perhaps on the order of several man-years of repair and recon-

struction effort.

Since no protlem is expected regarding the collection of sewage in
the City of San Jose, only the treatment of this ccllected sewage will be
of concern in the postattack period. All the sewage treatment plants
serving the cities of Menlo Park, Palo Alto, Mountain View, Sunnyvale,
and Milpitas form a semicircle around the postulated nucliear burst; there-
fore the postattack sewage problem is oné of regional concern, comprisiag

water pollution control and pest-vector-odor control in the southern snd

of San Francisco Bay. Whether this is a significant postattack probdlem

remains to be determined and is beyond the scope of this work unit,

5




Drainage

The drainage system in the City of San Jjose is essentially 132 sep-

arate, predominantly gravity aystems tied tagether by improved &nd unim-

proved natural drainage ways, No significant damage is expected from

the effects of the postulated attack, hence no significant postattack

prcbhlems are expected to occur with regard tc tre drainage system in San
Jose.
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I1 WATER SUPPLY SYSTEM

Introduction

The water supply system in San Jose was analyzed in three phases.
Phase ] was a development of a description of the physical components
and operation of the system. Phase II was an examination of the physical
damage to be expected as a result of a hypothetical nuclear attack postu-
iated for use in the FIVE CITY STUDY. This examination viewed each Water
works facility as a separate entity and did not take into account "iny

interactions among facilities or interactions between the water works and
other utilities. Phase II] was an integration over the set of physical
damage estimates developed in Phase II to arrive at an estimate of the
water system degradation to be expected as a result of the postulated
attack. This integration took into account the interactions awong the
facilities of the water works and interactions betwcen the water works

and the other utilities to the extent possible.

The analysis described above is reported in detail in a series of
FIVE CITY STUDY Working Papers designated by the code number 58-11101-
4334A- plus & serial number. Pnase I is reported in a "System Descrip-
tion Report,” serial number 20. Phase II is reported in a series of
"Damage Reports,"” serial numbers 1 through 19. Phase III is reported
in a "System Degrada..on Report,” serial number 23. These working papers

are summarized in the following sections of this chapter.

General Service Data

The San Jose Water Works is a privately owned corporation operating
under the regulation of the Public Utilities Commission of the State of
California to serve 93 percent of the incorporated City of San Jose and
1ts environs. All of the 118 square miles of service area are located

within Sania Clara County and include the citles of San Jose, los Gatos,

[P P I
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Monts Ssreno, Saratoga, and parts of Campbell, Cupertino, and Santa Clara.
Elevations in the service area range from 30 feet to over 1,200 feet above
sea level. The bulk of the ares served, however, lies between 50 and 250
feet of elevation. The consumer population was estimated in December 1965
to be 457,000 persons, with & total of 120,417 water meters in the system.
During the calendar year 1965, 25,531 million gallons of water were pro-
duced with an average daily production rate of 69.9 million gallons and

a maximum daily rate cf :?3.4 million gallons. A total of 51.19 million

kilowatt hours of rower were purchased during the year.

The system has a designed gravity capability of 27.6 million gallons
per day (mgd) and a designed pumped capacity of 225.6 mgd.

Organization

The San Jose Water Works is divided into a Business Department and
an Engineering and Operations Department managed by a President and
Board of Disectors. The Engineering and Operations Department is further
divided into a Planning Division, Engineering Design Division, Construc-
tion Division, Maintenanc: and Operation Division, and a Procurement,

Stores, and Inventory Section.

The total employmant of the San Jose Water Works is about 225. Of
these, about 5 percent are management, 29 percent are involved with busi-
ness operations, 12 percent with planning and engineering design, 7 per-

cent with construction, and 47 percent with operations and maintenance.

A cursory examination of the residence locations ot the San Jose
Water Works personnel as determined by their telephone exchanges does not
reveal any particular distribution of residences other than randoz, except
thet the executives tend to live in the western and eastern foothill sec-

tions of the area rather than in centrzal San Jose.

Operation and Maintenance

The water supply is developed from groundwater and surface water

sources. In the year 1965, 79 percent of the water ,roduced came {-nm
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wells, and the remainder came from creeks and rivers. Because of topog-
raphy, the se.vice area is divided into 29 pressure zones. The surface
water supply can flow by gravity to much of the service area; from there,
it can be transferred to higher or lower adjoining areas by pumping or

by gravity flow, depending upon the arrangement of the pipeline network
and boosters. Groundwater supplies are similarly handled: the well water
is pumped directly to several pressure zones, and from thesre, it can be
transferred to other zones by pumping or by gravity flow. The flow dia-
gram, Figure 1, outlines the transmission of the source supplies and the
transfer of supplies by gravity flow or by pumping from one zone to

another.

The Water Works has recently installed a comprehensive central com-
puter control, which operates the principal fuunctions of the water system
automatically according to a prearranged program. The central control
continucusly monitors the functions and makes the necessary changes in
the operation of the gystem to maintain required pressures and flows.

This control system depends ou use of leased telephone lines.

Prior to the installation of the central control system or at the
time of the hypothetical nuclear attack (late summer of 1965), most of
the system was still operated automatically, but not from a central con-
trol. Preset float level controls in distribution and collection reser-
voirs automatically activated boostars and well pumps to fill the izser-
voirs when thc levels reached a certain minigum elevation, and toc shut
off the pumps when the reservoirs were full. 1In case the flocat level
devices failed to operate as planned, overriding pressure comirols turned
off pumps supplying water to the various zones in the distribution system.
Generally, the facilities releasing surface water supplie: were regulated
mapuslly. Dam tenders at the iapoundmeist reservoirs released water ac-
cording to & predetermined schedule and as modifisd oy direction of field
operating personnel froe cbservations of changes iv demand. All opera-
tiornal parts of the system, whether operated mamuzlly or sutomatically,
were visited at leas!i once every eight hours. At these v¥izits, manually
operated gate valves for the comtrol of surfiace water flows were ad-

justed to suit the predetersined surfsce water and groundwater supply

e e e e e GRS
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schedule. Adjustments, as needed, in the aLtomatic operational controls

were also made during these visits to better suit existing supply and
dexand conditions.

The main office of the Company is located at 374 West Santa Clara
Street, 8an Jose, California. All clerical and engineering functions
are performed at this location, including customer accounting and the
preparation of customer bills. In addition, the Company's meter shop and
materiils handling department are at this address. Deliveries of most of
the axaterials used in the construction program are scheduled to permit
unloading at the construction site. Stockpiling of large quantities of

pipe and other construction materials is not practiced.

Most operation and maintenance work on the water system is performed

by Company persomnel. This includes practically all of the maipn and serv-

St

ice repairs, meter reading, meter testing end repairing, stores handling,
and other related work. Gardening and weed control, maintenance of wells,
pumping equipment, and sutomotive equipment, and repairs to reservoirs

and tanks are performed by ind=pendent contractors.

The Company employs & 20-man daytime work force for the performance
of normal service calls and nine 3-man crews for routine mgintenance proj-
ects. During the period outside regular working hours, one man is on duty

to investigate emergency calls, which are relaysd to hiv from a telephone

ansvering service. He may request assistance as needed from the davtime

maintenance force.

Construction work is performed by ind=pendent contractors. Mains up
to and imcluding 8 Xacbes in diameter, sarvices, neters, and hyvdrants are
§ installed urder a master corntrazct. HReservolrs, wells, pumps, electrical
ipstaliations, and mains over 8 inches in diameter are bandled under con-

tracts awardea by the bidding precess.

Cperztion and meintenance cperations are ajded conziderahlvy by the
use of two-way radio commnications. The =mohile uniis are powered by each

vehicle’'s electrical sveten. Communication is posxible between nobi:ie

units if distances sre 20! to0 gree.. A reépeater statior is maintained on

-

2 pear®™y mountain peak to relay siynals to and from more remote areas.
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The Sunply Conplex

The water system consists of supply sources, tranamission facilities,
treatment facilities, ond s distribution system., The supply scurces in-
clude ()} a surface supply from five impoundment reservcirs along with
several direct stream diversions, and (2} a groundwater supply from wells
locatad at 52 sites within the zervice area. Transmission facilities
transport the source supplies to the distribution system. The water treat-
ment facilities alre generally used for trezting only the surface supolies.

The distribution system consists of a pipeline network subdivided into

29 pressure zones, in which water is tramsported from one zone to another
by means of boosters aud pressure regulators. Distribution sturage reser-

voirs are located at 45 sites in the city.

water Supply

Sounrces

The system has a design water production capacity of 233.2 mgd, of

which 27.6 mgd can be supplied from gravity surface water sources and

R

225.6 mgd can be supplied from pumped groundwater sources.

The surface water supplies are derived from streamflow. These sup-

it W 50

plies are transported to the service areas from direct stream diversions
; and from storage in impoundment reservoirs. During the dry month of Au-
gust, streamflow is negligible. The surfice water suppiy at this time

must come entirely frum impounsment reservoir storage.

b e ST RV

The groundwatar supplies are produced by rumerous wellé locatad in

¢ight pressure zones.

In addition to the primary production sources of surface water and
groundwater, the disiribution reservoirs located in most of the pressure
zones nrovide a short term supply source {about 1-2 days average normal

demand).

13
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Reservoir Storage

Surface water impoundment reservoirs provide holdover storage for
a supply of water when streamflow is deficlent. Digstribution reservoirs

contain water for use during peak demand.

The total capacity of the five impoundment reserveirs is 2,291 mil-
lion gallons. These reservoirs are operataed to fill during the rainy
ronths of November through April and to release water to the system dur-
ing the dry pgriod, May through October., Some water is released during

the winter months as these regervolirs are reaadily filled from normal rain-

fall runoff. Water is released during the 6-7 month dry pericd according

to a pre-gstablished schedule, with resexrvoirs being nearly empty at the
end of the period. Table 1 shows the capacity of each impoundment reser-
veir and the amount that =ach contained on August 24, 1965, the date of
the hypothetical nuclear attack. The system's maximum supply rate from
the impoundment reservoirs is 23.5 million gallons per day. There are

11 pressure :zones, making up approximately 89 percent of the total serv-
ice area, which can be served by gravity flow from the impoundment reser-
voirs., Table 2 lists those zones that can be served directly from the
reservoirs and those that can be indirectly supplied. Water flows through

ths directly supplied zones to the indirectly suppliea zoaes.

Distribution reservoirs are provided in mest pressure zones to main-
tain distribution system pressures and to provide sufficient gravity flow
water during peak demand. Only 2 few small minor pressure zones are with-
out diract gravity storage. The distribution reservoirs generally func-
tion primarily tor the benefit of the presgure zones in which they are lo-
cated. However, depending upon the arrangement of the pipeline network,
valves, and boosters, much of the stored water can be transferred to other
zones. Iin normal operation, excluding pericds of high emergency demands
such as required for firefighting, the reservoirs are drained during the
daytime, reaching their minimum levels at about 8:00 pm. The reservoirs
£i1l during the night when water usage is low. Table 3 gives the total
distribution storage capacity within each pressure zone and the amount of

storage avallable at 8:52 pm on August 24, 1965, the time of the

14




Table 1

IMPOUNDMENT RESERVOIR STORAGE

Amcunt in Reservoirs
(million gallcas)

Full At
Capacity Attack
Lake Elsman 2 N05 903
Lake Williams 51 51
Lake ¥Fittredge 80 65
Lake Couzzens 50 50
Lake McKenzie 105 100
Total 2,291 1,169
Table 2

ZONES SERVED BY GRAVITY FLOW
FRCM IMPOUNDMENT RESERVOIRS

Supplied Direct{z Supplied Indircctly
Montevina Blessom Hill
Mountain Springs Cambrian
Greenridge Columbine

More Pierce

Hillsdale Walnut

Vickery




Table 3

DISTRIBUTION RESERVOIR STORAGE

Amount in Reservoirs
(million gallons)

Full At
Primary Pressure Zones Capacity Attack
Major
Alum Rock 1.80 1.44
Blossom Hill 21,02 16.82
Cambrian 23.84 19.07
Columbine 21.587 17.26
Greenridge 3.83 © 3.06
Hillsdale 49.61 39.69
Miguelita 8.78 7.03
Montevina 9.57 7.66
More 44,33 35.46
Mt. Pleasant 0.20 0.1¢
g Mountain Springs 5.02 4.02
! Overlook 4,03 3.22
! Vickery 13.64 10.91
\
’ Minor
: Almaden No. 2 9 i}
Almaden No. 3 0.10 0.08
Beckwith 0.11 0.09
Central 0 0
Cypress 0.04 0.03
Dutard Hts. 0.10 0.08
Elva 0 0
‘ Elwood 0 0
High 0.10 0.08
Lexington c 0
Mireval 0.08 0.06
Northwood No. 1 1.00 0,80
‘ Northwood No. 2 1.59 1.20
Pierce 0 ]
Sunset Hills 0 0
Walnut 0 0
Total 210.27 168.22
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hypothetical nuclear attack. The storage amount at 8:52 pm is estimated
to be 80 percent of full reservoir capacity, as indicated by a random

review of records for several of the larger reservoirs,

Groundwater Supply

There are 159 wells in the groundwater production system. Most of
the wells pump water into small collection tanks at the ground surface.
The collected supplies are boosted into the pressure distribution system.
Table 4 gives the groundwater production capacity pumped into each pres-
sure zone, All well pumps are powered by electric motors and there are

no auxiliary means of pumping.

It should be noted that the full capacity of 225.6 mgd cannot be
counted on at any given time or cannot be available continuously over a
sustained period of time. Some wells are shut down because of equipment
repair and maintenance. The well system is designed for intermittent
operation and cannct deliver full capacity continuously over a prolonged
period of time because of excessive drawdown of the groundwater supply.
The capacity rate for continuous sustained pumping at any givern time is
not known, but it is assumed to be on the order of 70 to 80 percent of
the total design capacity.

Table 4

PREATTACK GROUNDWATER PRODUCTION CAPACITY

Capacity

Pres.ure Zone Gal/Min Mgd
Blossom Hill 7,450 10.73
Cambrian 59,065 85.05
Columbine 14,855 21.39
Hillsdale 61,940 89.19
Miguelito 300 0.43
More 7,755 11.17
Northwood No. 1 2,615 3.77
Northwood No. 2 2,660 3.83

Total 156,640 225.56

17




Water Treatment Facilities

The surface water collected is8 chlorinnted before being distributed
to customers. In addition, the surfane wrter suppiy from the Alamitos
and Saratoga Creeks is filtered by means of diatomuceous earth filter
plants. Periodic tests of chlorine residual and coliform index are made
by the San Jose Water Works as well as oy the County Health Department,

to ensure the safety of the water supply.

Since the well water is either pumped directly into the system or
stored in covered reservoirs and tanks, it is not normally chlorinated

or filtered.

Booster Facilities

In order to serve watzr at a higher gradient than that in which it
is produced, and alsu to 1ift water from one pressure zone to a higher
zone, many boosting pump arrangements are employed. There are 89 line
boosters located at 41 stations to 1lift water from one zone to ancther,
and 48 supply »ource boosters (generally at well productiion sites) at 29
stations to 1ift supply source watzr to a pressure zone. Pumping equip~
ment includes vertical and hourizontal submersible pumps, deep well and
close-coup’ed turbine pumps, and horizontal centrifugal pumps. All units
are powercd by electric motors. There is no provision within the San
Jose Water Works for alternate sources of power to operate booster
facilities. Table 5 gives the booster capacity for transferring water

from one zone to another.

Distribution Pipeline Facilities

A complex pipeline network distributes water of the San Jose Water
Works. As of 31 December 1965, there were approximately 1,522 miles of
transmission and distribution mains within the system, ranging in size
up to 48 inches in diameter. A general idea of the compositior of the

system may be obtained from the tabulations coutained in Tables 6 and 7.
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Table §

PREATTACK INTERZONAL BOOSTER CAPACITY

¢

Capacity
Interzonal Lift Gal/Min Mgd
Blossom Hill to Almaden No. 2 100 0.14
to Almaden No. 3 200 0.29
to Elwood 700 1.01
to Greenridge 1,900 2.74
Cambrian to Blosaom Hill 4,865 7.01
to Hillsdale 14,100 20.30
to Miguelito 4,900 7.06
Columbine to Miguelito 1,510 2,17
Greenridge to Mt. Springs 2,720 3.92
High to Mireval 70 0.10
Hillsdale to Blossom Hill 3,550 5.11
to Greenridge 4,915 7.08
to More 15,620 22.49
to Mt. Springs 5,580 8.04
to Vickery 5,950 8.57
Miguelito to Alus Rock 1,200 1.73
to Dutard Heights 250 0.36
to Mt. Pleasant 350 0.50
to Sunset Hills 140 0.20
Mireval to Cypress 0 0.10
Montevina to Central 60 0.09
to High 100 0.14
to lLexington 100 0.14
More to Vickery 3,760 - 5.42
Mt. Springs to High 160 0.23
to Cverlook 2,700 3.89
Overlook to Backwith 260 0.37
Vickery to Overlook 2,990 4.31
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Table 6

PIPELINE SYSTEM COMPOSITION BY SIZE OF MAIN

Sizs of Main Percent 8ize of Main Percent
{inches) of Total (inches) of Total

To 8 58.3 20 2.1

8 13.2 22 0.6

10 4.2 24 2.2

12 11.9 30 0.7

14 0.2 36 0.6

16 2.7 42 0.2

18 3.4 48 0.3

Table 7

PIPELINE SYSTEM COMPOSITION BY PIPE TYPE

Percent

Pipe Type of Tota.
Steel--cemant lined--cement or tar coated 85.2
Cast iron--cement lined 12.0
Asbestos cement a.8




The Fire Underwriters report of 1962 is quoted as follows:

"No pipe smaller than 6 inches is being installed for hydrant
supply. Of the 781.2 miles of pipe in the city, 142.1 are

4 inch, of which 130.0 supply hydrants, and 332.5 miles are

8 inch; dead ends in those sizes total 16.9 miles. All except
the single ocutlet hydrants have € inch laterals; all laterals
have a valve. The average area served by each hydrant is 58,500
square feet in the business district and 237,000 square feet in
residential 4istricts., Hydrants are inspected bi-annually.”

There are 7,440 fire hydrants locatecd within the San Jose Water Works
system. Maintenance of these hydrants is the responsibility of either the
City or the San Jose Water Works ty mutuial agreement.

At nearly one hundred points in the system, the pipelire is exposed
at creek crossings and at one railroad crossing. Most of the system is
looped with a good grid system which will provide alternate sowices of
supply to any given large service area. The San Jose Water Works organi-
zation supplies several smaller water systems, which also have their own
additional sources of supply. While no significant excess capacity exists
in these systems, they couid at least theoretically supplement the supply
of the San Jose Water Works. These other agencies include the Santa Clara
Municipsl Water District, the Campbell ¥Water Comoany, the San Jose Ever-

green System, and the Los Altos System.

In the distribution system, there are nearly 900 miles of mains that
are 6 inches and smaller in diameter. Tiuese mains strengthen the water
delivery potential of the network by parallelirng larger lines and com-
pleting system loops. While 0id mains of size 2 inches or less are still
in service, they are being replaced by larger 3izes. The minimum size
main being installed at present is 4 icches {n diameter. The sizing of
plpe is calculated to allow for peak hour design flows and fire demand

rates.

Virtually all of the system i< metered. The normal domsstic meter
is the standard 3/4 inch size. Copper service lines are used exclusively.

Air release valves are placed in protective boxes. The number of gata
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valves used at intersections is usually one less than the number of inter-

secting lines.

The depth of soil cover on top of transmission and distribution pip~
ing varies from 3 to 5 feet. Most of the pipe is laid in a heavy clayey
sand soil. This material stawds in vertical cuts during trenching opers-

tions and recompacts well.

Production Requirements

The demand of the consumers plus system losses during the year 1965
required that a totsl of 25,531 miliion gallons be produced. The average
daily production rate and the maxiwmum daily rate for 1965 were 69.9 mil-
lion gallons and 123.4 million gallons, respectively. The systeam's annual
average daily rate was broken duwn for each pressure zone, on the besis
of actual records for several larger zones and estimates of ares relation-
ships for the remaining zones. Records indicate that for the month of
August 1965, the average daily ratu was 146 percent c¢f the annual nverage
daily rate. Table 8 gives the average daily production requirements for
the year 1965 and for the month of August 1965 for each nressure zone.

Expected Damage

¥eapons Effects

Following are the maximum weapons effects expected to be axperienced
by the physical facilities of the San Jose Water Works, which are located
at spproximately 139 sepurate locations, as a result of the hypotheticsl
attsck postulated for the first iteration of the FIVE CITY SIUDY:

1. Static Overpressure

incident Up to 2.7 psi

Reflected Up to 3.1 psi
2. Dynamic Overpressure less than 0.3 pst
3. Eqguivalenrt ¥Wind Speest l£ss thar 100 sph
4. Thermal Radiation Up to 30 cal/ca?
5. Initial and Residus! Radiation Xooe
6. Electromegnetic Pulse None
7. Groundshock None
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Takble 8

WATER PRODUCTI... REQUIRBMENTS POR PRRSSURE ZONES

Approximate
Area
For Year For Auvgust Served
Pressure Zones 1965 1965 (sq mi)
Ma jor
Alum Rock 0.40 0.58 *
Blossom Hill 6.80 9.981 18
Cambrian 17.59 25.62 20
Columbipe 5.40 7.87 13
Greenridge 2.20 3.21 2
Hillsdale 19.30 28.11 32
Miguelito 2.09 3.04 4 e
¥Montevinpa 0.69 1.00 1 Ll
More 6.30 9.18 9 :
Mt. Pleassnt 0.10 0.15 *
Mouztain Springs 2.30 3.35 5
Overlook 1.90 2.77 5
Vickery 2.90 4.23 6 .
;; -
Minor g
Almaden Fo, 2 0.05 Q.07 * £
Almaden No. 3 0.05 0.07 * i .
Beckwith 0.05 0.07 . f
Qentrai 0.035 0.07 - ;
Sypress 0.02 0.03 * L I
Dutard Heights 0.05 0.07 *
Eiva 0.08 0.07 . .1
Elwood 0.08 5.12 .
High .05 0.07 . ]
isxington 0.05 0.07 L4
Bireval 0.04 0.96 » i
Xorthrood %o. 1 0.30 0.73 & .
Northwood Fo. 2 0.7 1.09 - %
Pierce 0.05 0.07 o i
Sunset Bills 9.08 o.07 . e
Talmt _©.0% 2.07 _* i
3
Totsl €3.9) 0L &2 1i8 .

* lass than } square alle.
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"amage

Of the approximately 139 sepurate physical facilities of the San Jose
Water Works, 19 stutions are expected to be damaged. Th~ damaged stations

consist of well production, booster, and distribution storage facilities.

No impoundment reservoirs, stream intakes, or treatment facilities are
expented to be damaged. Pipelines are alsoc not expected to be damagod
even though these emerge to ground level and are expc~~2d in approximately
100 iocations. The significunt damage esxpected at the 19 stations con-
sists mainly of blown down electric power s:rvice drops causing station
power outage and damaged reservoir float level devices--damage which wou ld
preclude autometic operation of well pumps and boosters. Many of the dam-
aged facilities could be repaired by emergency measures during the first

few days following the hypothetical attack.

Syster Degradation

Postattack Situations

fwo situations were examined in order to determine the postattack
capacity of the San Juse Water Works to supply water to the system's 29
pressure zomes. The tirst situation assumed that degradation of the sys-
tem capability was due only to damage sustained by the 19 stations from
t? direct eftects of the hypothetical attack. It was further assumed
that "o ewmergency repairs or spe~ial operational procedures ;ere carri=d
out. The second situation assumed that degradation of the capability was
due =st to direct damage sustained by the water system. bul rsther to a
loss of power supply which would prevert the operation of well and booster

umps .

Ia both situations, the surface ®a.er supply is the same as preattack.
Stored water .s available in the five impoundment reservoirs and can be
supplied to ibe service area gt the maximum rate of 23.5 mgd. XNatural

streapflos is assumed negligible. Distribution storage is unaffectud

o




Lamaged Station Situation

Groungweer production is reduced from 8 total prezttack capacity of
225.% million gailona per day to 138,48 mgd bocause of damegod facilities
in the Cambriap, Billcdale. More, Miguelito, Northwood No. 1, and North-
woad No. 2 pressure zones. Groundwater productior within the Blossom Hill
and Columdbine pressure zunes is uraffected by the bursc., Table 9 shows
how the inopereble groundwater production stations affect the total ground-

water nroduction capacity in each of the preasure zones,

Tabie 3

REDUCTION OF GROUNDWATER PRODUCTION CAPACITY

Preattack Pogtattack Number of

Capecity Capacity Damaged

Pressure Zone (mgd} (mgd) Stations
: Cambrian 85.05 51.26 4
i Hillsdale £9.19 43.03 6
: Miguelito C.42 0.00 i
E More 11.17 8.97 3
Northwcod No. 1 3.77 ¢.00 2
Northwood No. 2 3.83 0.90 1

Transfer of water from one zone to & higher zone is limited by the

R Pyt e

capacity of ihe hboosters. The interzonal booster capacity is reduced in
this situation for three interzonal transfers. Table 10 shows these re-

ductions. All other interzonal transfers are unaffected and remain as

shown in Tsble 5.

Table 11 summarizes the surface and groundwater supplies avallable
in tais damaged station situation. The demand, average daily rate in

Auguet 19€5, i:r each pressure zone is shown in Table 8,

Ap interzounal flow distribution study was made to determine how well

the available supplies could meet the immeuiate postattack demands. The
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flow chart, Figure 2, shows the fiow routings and fiow rates for this
situation. The study used only the two primary supply sources--impound-
ment storage and groundwater productica facilitice--which will be capable
of dulivering supplies over a prolonged period of time. The flow inputs

and outputs for each pressure zone are balanced.

Table 10

RECUCTION OF INTERZONAL BOOSTER CAPACITY

E
% Preattack Fostattack Number of
i Capacity. Capacity Damaged
i Pressure Zone (mgd) (mgd) Stations
1 e e
f Hillsdale to Mcre 22.49 3.63 1
More to Vickery 5.42 3.82 3
Miguelito to
Dutard Heights 0.36 .60 1

The analysis shows that the damage prevailing immediately zfter the
aiiack does not appreciably degrade the gystem's zzpahility cof supplying
water for normal average demands as operated under normal procedures. The
svstem's prea.tack excess cepacity easily takes over dsmaged facility
functions except in one small area, the Dutard Heights pressure zone.
There is no supply into this zone because of damaged controls for the
supply booster at thke Dutard reservoir site. The exception is of minor
consequence since the supply booster can be copersted by manual control
and there is approximately one day's storage available in the zone's

distributicn reservoir.

For the extreme damage condition (no emergsncy repair or operating
procedurns), the average daily demands of August 1965 are met in prac~
{ tically the entire system by withdrawing impoundment storage at the maxi-
mum rate of 23.5 mgd 2nd by pumping groundwater at the rate of 78.3 mgd,
which is 56.5 percent of the total capacity of the undamaged wells. Dis-
tribution reserveir storage, not used in the analysis, is availabie as &

short texrm supply. An appreciahlie amount of supply remains unused that is

26




Table 11

POSTATTACK WATER SUPPLY
(Damaged 3tation Situation)

Groundwater
Regervoir Jtorage Production

Impoundment Distribution Capacity
Pressure Zones {million gal) (million gal) (mgd)
Blossom Hill 16.82 10.73
Cambrian 19.07 51.36
Columbine 17.26 21.39
Greenridge 3.06 0
Hillsdale 39.69 46.03
Montevina 1,169.00 7.66 0
More 35.46 8.87
Mountain Springs 4.02 ¢
Vickery 10.91 0
Pierce 0 g
Walnut 0

Subtotal 1,169.00 153.95 138.48
Almaden No. 2 0o 0 0
Almaden No. 3 o 0.08 0
Alum Rock 0 1.44 0
Beckwith 0 0.08 n
Central 0 0 0
Cyprees 0 v.03 0
Dutaxrd Heights o 0.08 0
Elva 0 0 0
Elwood 0 0 0
Righ 0 0.08 0
lexington 0 @ 0
Miguelito 0 7.03 0
Mireval 0 0.05 0
Mt. Pleasant 0 0.16 0
Northwood No. 1 0 0.80 0
Northwood No. 2 0 1.20 0
Overlook 0 3.22 0
Sunset Hills 0 Q 0
Total 1,169.00 168.22 138.48
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available for above-normal demand. This includes 18.5 percent of the un-
damaged well capacity (assuming that only 75 percent is availaole for sus-
tained pumping), or an equivalent of 25.6 mgd plus distribution reservoir

storage.

Full preattack production capacity and distribution are attained
within several days after the :.ttack, by making first aid repairs and by
manually controlling those facilities that cannot be restored to auto-

matic operation.

Power-off Situation

In the event of complete power outage as a result of the hypothetical
nuclear attack, the electric powered pumps for the production of ground-
water and for interzonal boosting would cease cperating. The water sup-
ply and distribution in this ianstance would be derived from gravity flow
of storage available in impoundment and distribution reservoirs. Natural
streamflow for diversion into the system is negligible at the time of the
hypothetical attack (dry season). The flow chart, Figure 3, shows the
gravity flow distribution of the stored water. Not shown are possible
routings that would not be effective in thig situation of supply and

demand.

Most of the flow routings shown on Figure 3 are used in the normal
operation of the system. However, to accomplish the optimum distribution
in this no-power situation, some changes in valve operation (resulting in
rerouting of flows) would be made. For example, the normal release of
Lake McKenzie storage is south through Beardsley intake and thence into
Montevina reservoir. Emergency operation would require that the storage
be released northward, to be picked up by Congress 3prings intake and
thence transported into the Vickery pressure zone. Vickery zone is nor-
mally supplied by pumping from the More zone. In the emergency situation

where water would be received by gravity from & higher zone in lieu of

normal booster pumping from a lower zone, care would have to be taken that
the flow was shut off in the upper zon2 when the lower reservoir was full.

This would prevent overflowing of the lower reservoir if it was not protected

28
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by an altituds valve, and would prevent excessive static pressure buildup

in the lower gystem's pipelines when the lower reservoir was valved off.

An examination of Figure 3 shows the 11 pressure zones, making up
89 percent of the total service area, that would be supplied from the
impoundment reservoirs and from their own cdistribution reservoirs. The
remaining 18 zones, making up 11 percent of the total area, are ithe criti-
cal areas since they either are entirely without storage sup.ly or have
only a short term water supply from their own dist-ibution reservoirs.
These critical zones are szinly small minor zones, which are located at
higher elevations around the periphery of the service area, and which are
norsally supplied by boosters pumping from lower adjacent zones. Some of
these small peripheral zones are supplied by direct diversion of nsatural

streamflow when this supply source is available.

The amount of stored supply available for distribution at the time

of the hypocrhetical nuclear attack is shown in the first tws columns of

Tatle 11. The demand, average daily rate in August 1965, is shown in
Table 8.

The 11 pressure zones that would be supplied from both impoundment
and distribution storage (the top 11 listings in Table 1l1) have a totai
of 1,322.95 million gallons (1,169 million gallcas of impoundment storage
and 153.95 million gallons of distribution storage) available to supply
‘ 2 pormal August usage rate of 92.62 mgd. ...~ interconneciions of pressure
zones by plpzslines permit interzonal gravity distridbution of supplies.
The maximua supply rate from impoundment storage is 23.5 mgd, as limited
by the physical works.

0f the 92.62 mgd requirem 2t, 23.5 mgd would »e furnished from im-
poundment storage, leaving 69.12 mgd to be supplied from distributicn
storage. By supplying the full normal demand for as long as the storage
nolds out, the water system would be faced with two flow-duratiion

conditions:
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1. Supply from impoundmsnt storage at maximum rate of 23.5 ngd
would last for 49.7 days.

2. Supply from distribution storage at rate of 69.12 mgd would
last 2.2 days.

Thus, the supplies from both reservoir storage sources would be
capable of satisfying the full normal demapd of 92.62 mgd for 2.2 days
following the atteck; and thereafter, the remaining impoundment reservoir
supplies would be avajilable for an additional 47.5 days, at the rate of

23.5 mpd--or approximately 25 percent of the normal demand.

Rationing of water to the consumers would be the logical cnurse to
pursue in & crisis situation where the supplies were drastically reduced.
Por example, assuming & reduction of 50 percenrt in the normal demand--
equivalent to 48.3]1 mgd--the two storage sources could serve this re-
quirement for 6.7 days; and thereafter, the remaining impoundment storage
would continue to supply 23.5 mgd (equivalent to 531 percent of the reduced

demand) for another 43 days.

The bottom 18 listings of Table 11 shows the 18 pressure zones, making
up a small part of the total service =2rea, which canrot be served from im-
poundment storage, Most of these rones have sufficient distribution stor-
age for rt ieast one day's normrl demsnd. Some of the zones have no dis-
tribution storage cf their owa hut caa rely on a distribution stcorage sup-
ply by gravity flow srom an adjacent higher zune, while other zones are

without any provisiors for being supiplied distribution storage by gravity.

From an examination of the flo® cha~t., Figire 3. and the available
supply shown in Table 11, it $s found tha! there are five sones shick are
the most critical because they vouid be entirely without & water supply
during the time when the booster puips Fere not opersting. These zones.
namely Alieden No. 2, Cenirsl!, Elwood, Lexington, ans Sunset Hillz, are

very saall rvsidential areas covering only & féw biccks each.

The remaiuing 13 sreas have sufficlent ¢istributior storage i last

Ifom 1 to 2.5 days when using water at 2 normal rate.
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Table 12 shows the number of days that each of the pressure zones

(or a group of mcnes if interzonal gravity transfer is possible) can be
supplied at the normal demand rate.

Table 12

FULL WATER SUPPLY DURATION
(Areas Exclwied from Impoundment Storage Supply)

Duration
Piressure zone (days)
Almaden Ro. 2 0
Central 0
Elwood 0
Lexington 0
Sunset Rills 0
Almaden No. 3 1.1
Alur Rock 2.5
Beckwith 1.3
Cypress 1.0
Dutard Heigh.s 1.1
High 1.1
Miguelito {
Northwood No. 1 1.9
#orthwood No . 2’
Mireval 1.0
Mt Pleasant 1.1
Qveriook ] 1.1
Elva [ '
Raticning of supplier would extend the water supply duration. For
example, a reduction cf 50 percent in xxier usage would allov the dis-
tribution storage to last twice as long.
System Postattack Capability

i+>% do the twyu situations just an.lyred approximate the general post-
attack situation? If the hypothetical attack destroyed the poser trans-
zigsion complex at the southe .. end of San Francisco Bay and damaged

powor substations (n the northern part of San Jose, it is also possible
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that the attack would create sufficient power system disturbances and
conditions of instgbility to cause transmission outages from circu't
breakers trippi.3 elsewhere in the systen. After the effects of these
disturbances were corrected, power could be delivered to San Jose vis
undameged power facilities from the south. Those Water Works installa-
tions that obtain power from (Jamagec power subztations would still not

be able to receive power. Gener .lly speaking, however, the damaged power
subetations would be expected to be in the general vicinity of the dam-
sged Water Works strtions to which taey supply power. The two situa-
tions analiyzed, then, are bounds for the postattack situation.

Postattack Chronology

The chronology of anticipated events would be as fo: ows:

hat electric power was lost--the second situa-

[old
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1.
tion analyzed--the water system would be able to supply nor-
mal demand for a maximum of 2.2 days in abcocut 30 percent of
the system by using the available distribution storage. After
this period, only abcut 25 jercent of normal demand could be
rupplied for an additional maximum of 47.5 days. Of the Te-
asining 10 percent of the system, 13 prescsure zones would have
orly about one uay 3 normal supply available and then would be
without water until power was restored; the remainder would be

totally without wmater.

2. After the initial power fallure was corrected, the capability
of .he water systes tc deliver water would bde limited hv (he
19 damaged sater works statians, p’uvs any possible additional
lizitation caused by damage to power substations. This would
be represented by the first situation analvzed. The water
system would b able to supply the sverage August 1965 dsily
demande of 101 8 mgd to practically; the entire svstes. An addi-
tional well capacity of 25.6 mgd, plus distribution reservoir

capacity of 168 2 million gallons, wouid be available.
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C. After several days tu, at most, a few weeks following the attack,
ful!l preattack production capacity and distributicn could be
restored by making first aid repairs and Instituting special
emergency procedures, such as manually controlling those facili-

ties that carnot be regtored to autometic operation.

Demand Factors Affecting Water System Capability

Ia the precedirg discussion, normal aversge August 1965 demand has
been asswned. It is quite obvious that the postattack demand would be
anything but normsl or average. The postattack demara would be lowered
becaur? of population and housing damage. Also, the surviving populaticn
would not be copncerred with such nonessential matters as wasping cars,
watering lasns, etc. On tle othe: hand, woc«tettack demand could be in-
crensed because of firefighting needs and, to a lesser extent, by damage
tc service connections at damaged and destroyed structures. The physical
distribution of postaitack demands would also bz altered because of popu-
intion relocation because vf housing damage and sheltering. Of all these

con iderations, firefighting needs are probably of the most concern.

The water system serving Sau Jose is able to provide a fireflow of
approxirmately 14 thousand gallions per minute 1n business dirtricts and
lesser amounts in outlying areas without degrading water pressure below
allowable minigums. These ncrmal needs are met by additionmal storage
capacity in “igtribution reservoirs aad by axcess pumping capacity at well
and boostzr . .atioms. Again, firefightuing nesds resulting from a nuclear
attack would be expected - bo anything but normal. Therefore, attempting
to fight a mass fire resulting from a nuclear attack may, at best, be dif-
ficult apd perpaps imnossible without dwgrading water presiure below re-
quired mipimums, even with a well-designed, -indamaged water sys*em. The
water systems are just not designed tc deliver that much water in that

many places all at the same {iime.
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I11 SEWAGE SYSTEM

Introduction

Sewage flow in the City of San Jose is collected and transported in

sewers to a treatment plant located north of the San Jose business dis-

trict near the southern end of Sar Francisco Basy. The total developed
service area tributary to the treatment plant covers 175 sguare mllas

and includes the cities of San Jose and Senta Clars; Sanitation Districts
of Cupertine, and Suncl-Burbank; and County Sanitation Districts 2, 3,

and 4. The City cof San Jose, by agreement, prevides staffing and direc-

;E
H
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tion of the joint treatment plant through its Department of Public Works.
Each city and uistrict involved retains control of its respective collec-

tion system.

A ALl AT 1

Approximately two-thirds of the sewage treated in the joint treatment

dvay,

mant criginates in the City of San Jose. The San Jose sewage system con-

1t oL g e

sists of a zewer collection system including several small pumping sta-

PRI

tions ard a treatment plant designated as the San Jose-Santa Clara water

Pollution Coniroel Plent.

A FIVE CITY STUDY working paper {code number 5S-11101-43344-22) titled 4
"San Jose Sewzga Syciem  was prepared which describes the sewage system in
general arn.! presonts a description and vulnerability analvsis of the Water
Follution Control Flant. The results cf the description and analvsis are

sumaarized in the following paragraphs of this chapter.

e v
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Sewsr System

The sewer collection system comprises about 1,100 miles of sewers,
4 ranging in size from 6 inches to 66 inches in dismeter. Pipe materials

include vitrifisd clay along with some cast iron in the smaller sizes,

reinforced concrete in the larger sizes, and brick und morter in the older

sewers.
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in recont years. manholes have been built from standard precast con-
creta concentric rings. Older manholes were constructed with brick. Man-

hole covers are usually of cast iron and in sowe cases are bolted in place.

There are two land outfalls extending from the center of the city to
the treatment plant. The clder of these two outfalls is a 60-inch diameter
sewer constructed of brick and mortar, with brick also used in manholes.
This sewer, completed in 1885, is 32,000 feet in length, and has a capac-
ity of 55 miliion gallons per day {mgd). Several sections of thiz sewer
have been relined with concrete in recent years; hovuver, it is in good
condition for the most part. Superficial failures have occurred from
corrosion in. and near, junctions with cther pipes. Ths second land out-
fall was completed in 1959. It is 6C-inch diameter reinforced concrete

pipe, 33,700 feet in length, and has a capacity of 55 mgd.

There are 150 or more inverted siphons where sewer lines cross under
creeks and rivers. In most instances, the pipe under the watercourse is
encased in reinforced concrete, but in a few cases the crossing is non-
encased cast iron pipe. Taere are no crossings over watercourses where

pipe might be exposed by being suspended from bridges.

Although the system of sewers is a separate sanitary system in that
it does not carry storm water runoff, infiltration of extranecus water
into the system occurs during rainstorms in several ways, thus increasing
the total flow to the treatment plant by more than 100 percent during
severe storms. However, tais is not considered excessive and is handled

by the Water Pollution Control Plant without the necessity of bypassing.

Because of heavy cannery activity in the San Jose area, sewage flows
vary considerebly during the year. During the eight months from November
through June, the average daily dry weather flow is 54.4 mgd with peaks
of 80.0 mgd. During the four-month canning season, *the average daily
dry weather flow is 73.6 mgd with peaks of 93.0 mgd. During storms,
infiltration of rainfall and groundwater has increused flows up to
118.3 mgd with peaks up to 136.0 mgd. The plant is designed for a peak
5w capacity of 225.0 mgd. For the months of August and September 1963,

the average flows were 78.6 and 82.9 mgd.
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Pumping Stations

Thewe are 11 pumping stations in the San Jose system, only one of
which is considersd to be & permanent installaticn. The combined capac-
ity of all stations is mbout 8 million gallons per day. Together they
handle less than 5 percent of sewage originating in the City of San Jose.
The permanent station is a reinfworced concrete building installation;
three stations are complete prefabricated factory manhole type units; and
all others are site-constructed large manhole type installations. Most
of these stations will be eliminated by improvement of the collection sys-
tem in 3pecific areas. Sewage is pumped by electric motor-driven pumps
or lifted by ejectors powersed by compressed air from electric motor-driven
air comprissors. Power suprly is from pole drops located at curbside
and installed underground to manholes located usually under streets,

There 1s no auxiliary power available in any of these pumping stations.

Vater Pollution Control Plant

General

The sewage treatment plant provides primary and secondary treatment
of the sewage. Unless otherwise stated, all buildings at this plant are
of earthquake-resistant design, and all pipelines, power conduits, and
related components are located either within structures or below grade

in special pipe tunnels.

Figure 4 presents a flow diagram which traces thz: sewage flow through

the various plant processes. Figure 5 presents a layout of the plant,

Because of considerable fluctuation in sewage flow, some of the treat-
ment plant equipment is on a standby basis during most of the year. How-
ever, at the time of the hypothetical nuclear attack, which is during the

canning season, the plant is using most of its equipment.

This plant is highly automated and instrumented--the instrumentation
being one of the most complete in existence--and the treatment processes

and equipment are quite complex and interrelated.
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Figure $

SAN JOSE - SANTA CLARA WATER POLLUTION CONTROL PLANT
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Prechlorination

The first stage of sewvage handling is prechlorination of the raw sew-
age. The chlorine is stored in approximately 20 one-ton chlorine tanks
under a reinforced concrete beam and slab canopy which is supported by
steel pipe columns. This canopy is attached to the chlorination build-
ing, which is a small one-story bearing-wall structure with glass block
windows. In this building are two chlorinators, two evaporators, an
oxidation-reduction potential recorder, and a control panel. From this
building, chlorine is fed through a 6-inch pipeline to the inlet overflow
structure and supplied to the raw sewage through diffusers. This chlorin-

*
ation is for codor control only, not disinfection.

Large Solids and Grit Removal

Bar screens with a 3-inch mes<h are used to screen out large solids
such as sticks and bottles. The screenings are continually dropping onto
a conveyer belt and carried by the belt to a hopper for disposal. The
four bar screens, each with a 95 mgd capacity, are automatically cleaned.
Just beyond these four units are four barminutors. These units screen out
some of the solids passing through the 3-inch mesh, shred the solids tc a
size small erough to prohibit them from clogging sewage pumps, and then

dump the shredded matter back into the sewage.

The screening equipment and barminutors are partly helow grade. are
electric motor driven, and are fairly massive. The electric controls for
this screeuing and comminuting equipment are all housed in the southern

end of the west grit chamber building.

After the screening and comminuting, the sewage f{lows by gravity to

grit chambers. Gi.t removal is a process by which siall inorganic solid.

* Chlorination for disinfecticn is a common sewage treatmcnt process but
is not used at this particular plant becouse to do so would destroy the
organisms reguired for the activated sludge secondary treatment process.
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#re removed by diffsrential sedimentation. These solids, being inorganic,
do not need treatm:nt, &nd being primarily mineral, would coatribute to

scour of plant equipment if left in the sewage.

The west grit chambers consist of two large below-grade reinforced
concrete chambers that use aeration through swing diffusers to produce
the desired tlow velocity. The eir is fed from the pump and engine build-
ing. A screw conveyor in each chamber conveys the grit from the bottom of
the chambers to the hoppers in the west grit chamber building, a small re-

inforced concrete strucrure.

The east grit chambers make use of adjustable gates rather than aera-
tion to maintain a rate of flow that permits the sedimentation of grit
while keeping the organic material in suspensicn. This secimentation takes
place “a four parabolic-shaped below-grade reinfcrced concrete channels.
The grit settles onto a revolving rack at the base of each of the chambers,
from which it is raised by a bucket ccnveyor inside the east grit chamber
building. The grit is dumped ontoc a cross screw conveyor and then into a
hopper for disposal. The electric control panel for this equipment is
inside the east grit chamber building. This building is constructed of
reinforced concrete wall panels (approximately; 10 inches thick), parapet

walls, and pilasters. The rest is concrete beam and slab.

Raw Sewage Pumping

Sewage flows by gravity from the west and east grit chambers, through
reinforced concrete conduits, into below-grade wet wells at the west and
~outh ends of the pump and engine building. The two wells have a common
line between them to provide for pressure equalization. From the wet
wells, six pumping units within the puwp and engine building send the
sewage through a 102-inch force main to a below-grerde meter chumber where

the raw sewage is proportioned to the sast and west preaeration tanks.

Two of the six raw sewage pumps are 110 mgd variable speed pumps and
are driven by 400 horsepower wound rotor motors. These units and their

associated control panels are below grade in the basement of the pump and




engine building. The remaining four pumps, each rated at 18 mgd, and
their associated control panels are also located in the basement of the
pump and engine building. These four pumps &re driven by indu:tion motors,
which are housed on the ground floor at the west portion of the pump and

engine buiiding.

Preaeration and Primary Sedimentation

The preseraticn is accomplished by forcing air into the sewage. The
air hubbles passing through the sewage attach themselves to grease par-
ticles and other low density substances, bringing them to the surface in
the form of scum. This scum formation dces not take place until the sew-
age has passed into the sedimentation tanks. Preaeration also provides

odor reduction.

The separation of matter that takes place in the sedimentation tanks,
¢ with a combined capacity of 91 mgd, may be considered the heart of the

: primary treatment process. It is here that sewage separates into three

; layers: the top layer is scum (containing mostly grease particles) which
Z is removed by a collecting device and transported to the digesters; the
middle layer is settled sewage; the bottom layer is raw sludge which, de-
pending on its dilution, is sent eithar to the digesters or to sludge con-
centration tanks. The primary effluent or settled sewage. then flows by

} gravity to a wet well located in the blower building.

Both the east and west preaeration and sedimentation tanks are below-
grade reinforced concrete rectangular tanks. Most of the valves, regulat-
ing flow through these tanks, ars mapually operated from flocr stends.

The scum collection and sludge collectic.. are accomplished by a contiaueus
cvele of boards that scrape the sewage surface and tank floor., These
boards are chain drivean by small electric motors. These motors and theiy

gear reducers are in the open and anchcored (¢ reipforcen concrele, The

easi and west tanks have thelr moiors and seration controlled by moter
centrol centars housed in small structurssz of very iight comstructinn
called primary control buildings. The east tanks depend on blowers {rom
the blower building for their preaeration; the west tanks derend on thres

small blower units on che first floor of tae pump aosd sngine building.
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Aeration and Nitrification

The high degree of treatment required &t this plant is accomplished
by the secondary units--the heart of which are the below-grade reinrorced
concrete aeration and nitrificetion tanks. By injecting air into the
settled sewage over a period of time, a material known as activated sludge
is produced which contains large floculent particles of suspended material.

The floc contains millions <f microorganisms which feed upon the crganic

matier of the sewage.

To provide the organisms with a more balanced nutrient, a mixture of
activated sludge and weste digester liquor is continuocusly added to the
aerated sewage. The mixturo is first aerated in nitrification tanks for
24 hours before being pumped to the aeratinn tanks. As & result, higher

loadings may be used, resulting in smaller aeration tanks.

The wastes being treated at the San Jose-Santa Ciara plant bave an
extremely high oxygen demand and thus require large amounts of air. Air
is introduced into the sewage on both sides of the aeration tank at dif-
ferent levels. The lover, diffused air is discharged 2 feet above the
tank bottom thrcugh diffuser tubes which produce thousands of minute air
bubbles. The upper, distributed air is discharged 5 feet below the tank
surface through a device which produces much larger bubbles. The two air

systems supply the needed oxygen as well as keep the activated ¢ludge floc

in suspension.

Air Produyction

One cf the most impressive plant structures is the bLiower tullding
which houses g% engine driven blowers and accesgories fo- suprnlving ai:
to ihe seration tanks. The three blowers supplying the diffusea air

system are sach rated at 80 000 CFM g1 8 psiy discharge pressure and the

%
)

three blowirs supplying the Aisiributsed zir svalew gre esch raled at
B, 000 UF¥ at 4 psig discharge yressurs, Ior a foial blower crpacity of

435, 000 CF%.
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In the blower building, the only major pileces ol equipneni thai are
not supported by the building are the six very large (c‘-fusl eonginesn
which drive the blowers. Each one rests directly on iis own mussive
foundation, which is supported by piles. The building foundations dn
not make use of piles or foundation walls. The basement [loor consisic
of a reinforced concrete slab about 2 feet thick. The basement walls,
pilasters, and columns are reinforced concrete. 3Some of the major pileces
of equipment in the basement are: heat exchanger equipment for the on-
gines (engine heat is used to heat the su.wage plarnt buildings and the
digesters); the settled sewage wet well; the settlod sewage pumps; toturn
activated sludge pumps and motors; waste activated sludge pumps and motors;
nitrification liquor pumps and motors; distributed air equipment and pip-
ing; and diffused air equipment and piping. The engine starting air nys-
tem for the blower engines is aiso in this basement, and this system con-
sists primarily of two air compressors, three high pressure (250 psig)
atorage tanks, compressor start and stop controls, safety relief valves,
pressure gauges, sediment traps, and &ir distribution lines. The hich
pressure system, chiefly for instrumentation, sludge concentration, and
scum @jection, is also in the basement. This high pressure system

(110 psig) consists primarily of three motor driven compressors, storage
tanks, and related equipment.

The first floor is made of reinforced concrete slabs, supported by
reinforced concrete beams and composite beams. There are no flaors ahovo
ground level, except for walkways around the inside perimeter of the tweo
rooms that comprise the main section. The exterior walls of the main
sectlon between the first floor and the walkway consist of glass panels,

a few masonry panels, and composite columns. Abo;;-the wvalkway level,

the building has structural steel columns, with structural stwel roof
beams and purlins supporting & & concrete gslab roof. The exterior of the
building above the walkway is of frangible metal panels, most of which aras
louvers for the blower system. Cantilevered out about 3-1/2 feet in front
of these panels is an ornamental facade made of 1/4 inch thick steel tub-
ing. This facade and the frangible metal panels would he a significant
contributor to debris damage of the building contents.
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Ia each of the two rooms of the main section are thrae very large
tri~fuel engines, each one driving a spend 1ncre§§%r, which in fturn drlven
a ilower unit. Three 1,850 horsepower =ngina-blower unitsg in fhn sguth
room provide 4 psig distributed air; tie thres 2,400 horsapower unii~ v
the north room provide 8 psig diffused air. The diffwsed and distribuiaesd
ai* comprises the low pressure air system for the plant. 7Theso six on-
gines operate on a mixture of digesler gas, natural gasz, end/or dieanl
fuel. In addition to greater horsspower, these engines ditfer from thame
in the pump and engine building (to be discussed later) in that thast on-
gines do not require a minimum of diesel fuwel. Mesel fual iz s~tored

hnlow ground for emergency use.

All six units draw air from the outside, usually through a louvered
plenum chamber on the roof, but during warm weather, alr is drawn thyrough
the louvered sides of the building to provide for heat digsipation oi the
3ix engines. <The distributed air needs ne filtration, but the dififused
air, bscause it eventuall: nas to pass through the fine openings of lae

diffusers, must pass through fairly efficlent and delicate filter bhags.

The control room, located above the entrance to tha blower building,
has 1its floor on the same level as the walkway of the main section. The
control room structure consists of reinforced concrete columns, beams,
and slabs; the exterior walls are made of 4-inch concrete block panei.
with 4~inch interior tile facing, 4-inch exterior precast concret: fac-

ing, and a small amount of window area.

The only major piece of equipment in the control room is thc control
console. This console is used t» counirnl the clarification process {(to
bo discussed), and the aeration and nitrification process. In addition,
this console records information concarning aeration, clarification. aud
some of the primary treatment processes, then semds this recorded infor-
mation to a data logger in the administration building (to be discussed
later).
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Final Clarification

Just as turbulence prevented sludge sottlement in the aeration fanka.
quiescence promotes sludge settlement in the clarification tanks. A= the
activated sludge settles, it is displaced from the tank bottom by an
electric motor-driven rotating header. The =ludge is then sucked up inio
a bolow~-grade collecting well. From here, some of the activated sludge
is mixed with digester liquor and returned to the nitrification tanks.
The remainder of the sludge is waste activated sludge and is sent to theo
sludge control building. The clarified effluent is discharged to San
Francisco Bay.

Final clari?ication takes place in ten separate reinforced concretie
cylindrical tankﬁ. The tops of the tanks are slightly above-grade level,
ané have no roofs. Flow to the tanks is by open channel conduit partly
above-grade; flow from the tanks is by below-grade conduits. The entrance

to these tanks is manually controlled by a butterfly valve.

8ludge Control and Concentration

Sludge treatment is controlled from the sludge control building.

This building receives sludge from two sources--waste activated sludge
from final clarification, and raw sludge from the east and west primary
sedimentation. At the aludge control building, the sludge passes through
a density meter to be checked for golids content. Sludge with at leart

4 percent solids content is sent to the digestionm system; that which is
below 4 percent is sent to the concentration tanks south of the sludge
control building. The concentration of dilute sludge, although not nec-
essary for treatment, results in fewer digesters being required. The

concentration tanks are used mainly during the canning season.

The method of concentrating sludge employs a dissolved air flotation

procees used in oil refineriez. The waste activated end dilute raw slusdge
are pumped to each concentration tank in a common pipe. Just prior to
being discharged to the concentration tank, the sludges are mixed with

screened primary effluent that is under pressure and to which has beon
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added air that has become dissolved in the liquid. When this mixture $co
released to atmospheric pressure in the concentration tonks, alr hnblles
are jormec that carry the sludge to tne tank surface, from which 1t ina
removed by & chain-driven skimming device and pumped to the digesters.
The underflow or effluent flows to the aeration tanks. Solidms which
settle i3 the concentratior tanks are either jumped to the plant in{luont

sewer or raconcentrated.

The sludge control building is a relatively small one-gtory struc-—
ture with a basement. The building is made of 8-inch concrete bearing
walls with 4-inch precast concrete facing, slabs, ard some interior hkeams
and columns. The Msement contains sludge pumps and lines, rpiegsure re-
tention tanks, air lines, sewage lines, and related equipment. The first
floor contains primarily a control console and control panels for the
sludge concentration and digestion processes, sludge density meter, and
thiree motor-driven gas compressor units. In addition to containing in-
dicating instruments, ccntrol switches, etc., the electric control equip-
ment records information concerning concentration, digestion, and gas
production, and sends this information to a data logger in the adminis-
tration building.

Sludge Digestion and Gas Production

Sludge that 1s‘of suitable density is sent from the sludge control
building to six sludge digesters. These digesters are above-ground
cylir+.rs about 100 feet in diameter and 30 to 40 feet in height, with
floating metal roofs and with reinforced concrete walls approximately
one foot thick. 1In these tanks, the crganic, or volatile, conteni of
the sludge 18 reduced and a less objectionable, more stable product is
produced.

The three products of digestion are: stabilized (digested) sludge;
a asupernatant called digester liquor, which is used in the previcusly
mentioned nitrification process; and methane gas, which 18 used as one
of the fuels for the plant engincs. Heat from the engines st the pump
and engine building and the blower building is used to maintain a
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temperaitire of about 95 degrees Fahrenheit &t the digesters. The methane
gas, or digests. ygas, lesves the digesters through a flexible line con-
necting the center of the floating roof to & atationary line attacled to
the outer edge of each tank. From here, the gas passes to the sludge
control building where it is compressed, blended with natural gas, and
then sent to the engines in the pump and engine building and in the
blower building. The digested sludge, upon leaving the digesters, is
pumped to sludge lagoons at the northern and southern boundaries of the
sewage treatment plant, The supernatant is withdiawn frcu the lagoons
and 1s sent to the plant influent sewer line., After the sludge dries in
these shallow open lagoons, the remaining solids are removed to be used

as fertilizer.

Electric Power Supply

One of tine essential iequirements of almost every stage of the sew-
age treatmsnt at this plant is electric power. The highly automated plant
uses electric motors extensively for different operations--conveyors, bar
screens, scum coilectors, sewage pumps, sludge pumps, gas compressors,
blower units. Electric power is provided entirely by five engine-
generator units on the first floor of the pump and engine building.

All five use a minimum of 8 percent diesel fuel combined with digester

gas or natural gas, Diesel fuel storage is underground.

Three of the engine-generator units, in the west portion of the pump
and engine building, are each rated at 625 KVA (kilovolt-amperes) and
produce a total of 1,600 KVA at 480 vclts. Two larger units, in the east
portion of the building, are sach ra‘ted at 2,188 KVA and produce a total
of 4,400 KVA at 4,160 volts,

All five engine-generator units fead the same transformer. The gen-
eraced power is distributed at 4,160 volts to load centers in the pump
and engine building, blower building, and sludge control building. A
fourth, smaller load center is located in the administraticen building.

The larger motors in these areas are operated at 4,160 volts while

transformers are provided to lower the voltage to other itermz of equipment,
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The pregsent plant genevating capacity is sufficient to furnish powor io

a municipality of 10,000 population.

A stardby dliesel generator isg maintained to provide auxlliary pow~r
to atart the generators in the event of complete power failure, since
there is no connection to outside power sources. One of the engine-
generator units is maintained in standby status at all times to provide

power in the event one of the operating units malfunctions.

The motor control centers for “he five engine-gencrators are located
along the south wall of the engine room. For convenience, the starters
for most electric motors are installed in motor control centers located
throughout the plant. Electric control devices are located in conscles

near meters for more efficient process operation.

Tha west portion of the pump and engimne building (completed ahout
1954) is of curtain wall construction with pilasters and parapet walls.
The roof is8 & concrete slab supported by steel trusset and purlins. The
oast portion of the same building (completud in 1964) is of structural
steel beam and column design. The roof is a concrete slab supported by
ateel beams; the walls are double precast concrete -panels, 4 inches thick,
used as an inside and oviside facing for the steel framework. The build-

ing is ore story, about 40 feat high, and has a mezzanine and a basement.

Administration and Laboratory

The blower building control room, mentioned previously, is the plant
oparation headquarters. Here, the operator on duty observes the flows to
the —emotely located units, spots equipment malfunctions, and makes adjust-
ments in rates of flow. One man is always on duty here to receive mesg-

sages and relay information to other operators throughout the plant.

Interpretations of laboratory analyses are sent to the control room
by the engineer-sguperintendent, with instructions concerning changes in
flow rates, etc. The control room console contains 33 indicating and/or
totalizing meters. A second control console in the sludge control build-

ing contains 35 indicating and recording metera pertaining wainly to
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primary treatment and sludge nandling. Signals from both cconsoles are
transmitted electrically to a data logger in the administration building.
Tue logger stores thc jancoming information and summarizes 1t every

24 hnurs on a printout coantaining 47 readings, including: volume of raw
sewage pumped to the primary sedimentation tanks; settled sewage to
aeration tanks; return siudge to aeration tanks; total air for aeration;
vo.vne of raw sludge pumped to digestersa; gas produced by each digester;
end fuel oil consumed by various engines. The information transmitted to
‘ha logger, coupled with the laboratory analyses of the preceding day,
»ives the engineer-superintendent a complete picture of the plant

operation.

The administration bulilding is divided into two wings housing the
iabol ~lory and engineering personnel. The laboratory contains four basic
8RR . eaéh designed for che efficient performance of variou: chemical
an¢ bncteriological analyses, including fish btioassays to determine the
affact of the treated effluent upon the marine life of the bay. The
engineering wing includes administrative offices, drafting room, blue-
print room, industrial waste section, and the engineer-superintendent's
office.

The administration and laboratory building is one story with no base-
ment. The framewvork is mostly structural steel, with reinforced concrete
floor and rcof iabs. The wall pai.els are a double layer of masonry units

with precast concrete panels for exterior facing.

Operation and Maintenance

All sewage system activities are under the direction of the Depart-
ment of Public Works, City of San Jose. Maintenance of the sewage systenm,
as well as the drainage system within San Jose and minor new comstruction,
is performed by the Engineering Operation and Maintenance Division of the
Department, which also maintains the sewers in the Sunol-Burbank Sanita-
tion District. BSewer maintenance in the other distri:ts outside the
City of San Jose is under authority of the individual agencies.
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The operstion of the VWater Pollution Cuntrol Pilant is under tie di-
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rection of the Engineer-Superintendent. The rilant staff includes 82 full-
time and 2 part-time employees as follows: Plant Operations, 42; Plant

Maintengnce, 26; Laboratory, 5; Engineering, 4; Accounting, 3; Industrial

Wastes, 2; and Plant Management, 2. The minimum operating crew on duty

3 BRI TR T

nights and weekends consists of eight men, two of whom are engine operators.

In emergencies, at least 40 persons not on duty are subject to call. 1In

extreme s.aergency, about 20 of the remainder of the staff would be avail-

able, but at 'cast 10 persons cre always unavailable because of vacations,
illnesses, etc.

Design of additions to sewage and drainage collection systems is per-
formed by the Engineering Division of the Department of Public Works.
Minor constiuction work is done by city crews, and major prcjects are

constructed by private contractors under bid.

[ Fer treatment plant improvements, major work is designed by private
: consultants, and the work is performed by private contractors under bid.

Minor jobs within the treatment plant are handled by the engineers and

maintenance peanle within their own organization.

gy, i S

Tne three City Corporation Yards which house the maintenance equip-
ment and personnel are discussed in Chapter IV.

Expected Pamage to Treatment Plant

Weapcn Effects
L In tie postulated attack, the Water Pollution Control Plant will
] receive:
- 1. B8tatic overpressure G.0 psi
! Z. Dynamic overpressure 0.6 psi
X
: 3. Duration of positive phase 4.8 sec
: 4. Equivalent wind speed 157 mph

5. Thermal radiation 76 cal/cm®
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6. Nuclesr radiation none
7. Electromagnetic pulse none
8. Ground shock none
The expected aamage resulting from the above weapon affectn In di«-

cussed in the following paragraphs.

Prechlorination

The chlorinators, evaporators, the oxidation rgcorder, apd <he con-
trol panel receive extensive dumage from blast and debris, leaving iho
prechiorination system inoperable. Some of the 1l-ton chlorine tanks hav~
been blowﬂ from thelr platform but no leakage of the lethal chlorine gas
has taken‘place. The chlorination building received some minor pormancnt
deformation and joint fracture, but is still structurally sound. Neither
the chlorina diffusers nor the sewage inlet structures received any sig-
nificant damage. With some emergency repair, the chlorine fesd tn the raw
sewage can be manually operated to attempt disinfection until “he plant oan

resume sewage treatment.

Large Soiids and Grit Removal

The screening and comminuting equipment receives no gignificant dam-
age except for a jammed belt conveyor and extensively damagad electric
control panels. This damage leaves the equipment without power. With-
out power supply to the motors, the bar screens clog up and prevent the
flow of sewage to the grit chambers. If the scrrening and comminuting
equipment is manually removed, then the large solids in the sewage wiil
clog process pumps.

As for the west grit chambers and equipment, the upper portion of
the two grit screw conveyors are bent ocut of alignment and are inoperable.
Aeration is discontinued because of debris damage to the blower units in
the firgt floor of the pump ard engine building. The control panels {part
of the sane console that cor.trols the screening and comminution) are ox-
tengively damaged. The grit removal system for the west grit chambers

is no longer operable.
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The east grit chambers and related equipment receive no significant
damage, with the exception that the control panel inside the east grit
chamber building has been severely rdamaged from blast and debris, and re-
quires major repair. Therefore, without electric power to the motors, g

the east grit removal system ie inoperable.

The east grit chamber building has experienced minor deformation

of its shell, some joint fracture, and translation of window and dcor

fragments.

Raw Sewage Pumping

The six raw sewage pumps are undamaged. However, twec of the four
induction motors, which drive the four 18 mgd pumps, receive debris dam-
age sufficient to render them inoperable. All raw sewage pumping is in-
operable because of damage to the power generation equipment, to be dis-

cussed later.

+~ Preaeration and Primary Sedimentation

As a result of blast damage to their control centers, the preaeration
and sedimentation processes are inoperable. The motor control centers for
both the east and west tanks have undergone severe Z:flection and distor-
tion; the indicating and recording instruments, control switches, circuit

breakers, etc., need extensive repair or replacement. The lightly con-

structed shelters for these motor control centers provide no appreciable }
blast protection. This damage causes power failure to the motors, and ’
hence a disruption of the skimming and sludge removal mechanism. The 3

S

small blower units supplying compressed air to the west preaeration tanks :
are housed in the west portion of the pump and engine building and have i
been rendered inoperable from debris damage in the building. The preaera-
tion for the east tanks has been disrupted because of damage to the blower
system in the blower building, as discussed later.

o N e

Aeration and Nitrification

The diffusers and distributors, and the aeration and nitrification
tanks and appurtenances have received no appreciable damage. The secondary

——
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treatment process, however, is completely inoperable uscause of damage 1o
air production and power generation. Loss of air prohibits keeping the
activated sludge in suspension and prohibits nerobic decomposition of thno
sewage. Loss of power prohibits the return «f digester liquor snd acti-
vated sludge to the nitrification tanks. The aseration and nitrification
tanks will become, in effect, settling tanks with no means of removing
the settled sludge.

Air Production

The masonry and glass panels of the blower building have been blown
in and shattered, as have the ornamental facade and the metal siding.
Noticeably deformed and battered, but still standing, are the beam and

column framework, the walkways, and the roof and floor slabs.

As for the building contents, the blower building load center, which
distributes power for the aeration and clarification systems and power
needed within the blower building, is on the first floor and roceives no
building protection from the blast wave. The switchgear units have heen
severely distorted and a few have overturned; all of the units are inop-
erable. The engine control centers are dished in and, in some cases,
overturned; the switches and recorders are inoperable. The filter system
for the diffused air has been destroyed. The basic engine blocks of the
8ix blower units receive no appreciable damage. However, they have numer-
ous appurtenances such as fuel lines, lubrication lines, cooling water
lines, air supply lines, exhaust heat lines, etc., many of which (60-70%)
have been damaged and preclude engine operation. The speed increasers
and blowers have their casings deformed and ruptured from blast and
debris, requiring repair before becoming operational. The large air
maing running from the blower units to the aeration tanks have not ex-
perienced appreciable damage, partly because their flexible couplings
are abhle to absorb some of the sic:k energy.

In the control room, the control comsole is deformed by the shock
wave, and severely battered by impuct from blown-in magonry panele. Dials

and recorders are shattered. and switches are inoperable. One of the less
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obviocus results of failure to the air production system is that pneumetic
controls throughout the sewage treatment plant h@iVe become useless.

Final Clarificstion

The clarifiers, which are rassive circular reinforced concrete cyl-
inders primarily below grade, are undamaged. But the sludge from the
clarification process can no longer be disposed of because of damage to
the blower building load center which supplies powsr to the electric motors
driving the rotating headers, and because of daurge to the motors drviving
the sludge pumps.

Sludge Control and Concentration

The burst has caused no significant damage to the contents of the
s8ludge control building basement. s+he windows and doors of the ground
floor have been blown in, including the rolling steel doors that were
closed at the time of attack. The roofs are moderately dished in and the
bearing walls have experienced some permanent deflection, syalling, and
joint fracture, but the building shell is still standing and pr vides some
shelter to equipment. The load center and electric coutrol equipment has
received some blast protection by the building shell, but the control pan-
els and switch gear have still heen deformed and ceved in, and are inop-
erable. Almost all of the indicatinyz and recording instruments have been
damaged by the burst, and the flow density meter is overturned.

The gas compressor motors are well anchored and enclosed and still
operable, except that damage at the pump and engine building, as well as
damage to the sludge control building load center, has disrupted their
power supply. The gas compressors have basically survived the weapon
effects but some of the numercus small gas and air liines at the gas com-
pressors have been ruptured. The outdnor traveling screens located south
of the east preaeration tanks for the settled sewage are still operable
except that the power supply to their motor has failed. The sludge con-
centration tanks and appurtenances received no appreciable damage. The

sludge control building receives no electric power because of damage at
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the pump and engine building. no gas because of damage to the digestion
system (discussed later), and no air because of damage at the blower

brilding.

~ Sludge Digestion and Gas Production

The floating roofs of the digesters have been torn, buckled, and cow-
pletely destroyed. Digester heating ceases becaise of engine failure at
the blower building. Since the walls of the digester tanks receive noth-
ing but superficial debris damage, the sludge remains in the tanks.

The steel cylindrical low pressure gas holder has been demolished by
the blast wave. The gas in the holder immediately ignites and burns out
but no explosion occurs. Similar ignitions of digester gas occur over
the destroyed roofs of the digesters. This burning gas causes no addi-
tional damage to other plant equipment. Replacement of the gas holder is
not essential to the restoration of gas supply for the treatment plant

engines.

The flexible portions of the gas lines attached to the tank roofs
are destroyed. Main power failure has stopped the transfer of sludge

to and from the digesters. The failure of heat supply to the digesters
retards the decomposition process. The sludge lagoons are left unharmed

by the burst.

Power Generation

The windows and doors of the pump and engine building have been
plown away, including the rolling steel door on the west side. The roof
i is dished in. Many concrete joints have fractured in the west portion.
The north wall of the east portion of the building is only partly remain-

ing; many of its precast panels, containing only temperature steel and

not being monolithic with the frame, have frniled and have contributed to
the debris damage of the building contents on the first floor. The re-
mainder of the building shell, despite some permanent deformation, is
intact and the building still provides some shelter for the equipment.

No damage is experienced by the basement or its contents.
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Window and dJdoor fragments, spalled concrete particles, and numerous

other bits of debris, as well as direct hlast ,ressures, have caused

failure of the three smaller engine-generator units on the firat floor

of the west portior of the pump and engine building. All three units
were operating at the time of attack. and the entry of debris particles
into the generators has caused damage to their windings and brushes, dis-
rupting their generation of power. A much heavier ste¢l mesh or wall in
front of these generators might have prevented such debris damsge. The
basic engine blockz of these three units have experienced no damage. How-
ever, they have numerous fuel lines, lubrication lines, coollng water
lines, air supply lines, axhaust heat lines, etc., many of which (roughly
20-30%) have been damaged enough to inhibit engine operation. Recovery
mcasures will probably make use of cannibalizing the most damaged units
to restore partigl power. The motor control centers for the five engine-
generators ar> lor - :d along the south wall of the engine room. Their
panels are Jighed in, their dials are shattered, and almest all of their

recording and control i{:.ctruments are inoperable. -

The, remaining two larger engine-generator units located on the first
floor of the east portion of the pump and engine building were subjected
to mor. massive debris elements because of failure of some of thLie concrete
wall panels. Still, the engine blocks are operable, as soon as the numer-
ous watcr, fuel, lubrication, and air lines previously mentioned are re-
paired. Roughly 40-50% of these lines have been ruptured. Generator
No. 5 was operating at the time of the attack, and was severely damaged
t'y debris entering through the front of iis housing. Generator No. & wasg
on standby and therefore received only minor debris damage. Recovery op-

erations may include the cannibalizing of Gencrator No. 5 to return Gen-

erator No. 6 to operation.

In summary, all generation cf puwer has stopped and no source of out-

side power is available.
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Adninistretion and Lakoratory

The masonry and glass panels of the administration aad ilaboratory

building are dlown in, the roof is dished in, and some permenent distor-

tion of the framework is appacent. The primary thermal pulse has ignited
papers and documents throughout the »uilding, but for lack of fuel, the

fires are not sustained. The data logger has received conasiderable airect 1

and indirect blast damage and is completely inoperable, doubly 206 becaurse
pRin power failure and damage tc the contiol conscles in the blower and
sludge contrel buildings heve also left it useless. Mest of the labora-
tory instruments used for chemical and biological analyses have been ren-

dorad uselsss by blept and fire, In order to perform biological sewage

anslyses during the postattack phase, the emergency recovery operations

mey congider partial restoration of the laboratory.

Sumngzl
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The hypothetical attack has rendered the 8an Juse-Santa Clara Water
Polluti~n Control Plant complately incperable. » -

The sewags treatment equipmsnt which is fairl, massive and for the
most part below grade, is relatively undamaged except for the floating
roofs cn the digesiers., However, the auxiliary equipment-~which provides
process air and power and the sguipment for plaant control--ig severely

damaged, enough to preclude plant operation without extensive repairs.

The treatment plant is extremely dependent upon power. Since in

normal operation it provides all its own power, there is ne provision
for drawing outside power, The power gensration capacity of the plant J
must be &t least pertly restored before sewage can be treated. In the
meantime, with someé minor repair, ths prechlorination system can be re- :
paired, and the sowaga can ba calorinated to attempt disinfection and
then bypassaa to Saa rrinciuco Bay,

Primary treatment cf the sewage before bypassing it to 8an Francisco
Bay will require: at leaat partial restorstion of the olan.'s power gen-
] eration capacity; repair of the blower unites in the pump and engine

a2
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building; repair of the power load center in the sludge control building
apd blewer buildings; restoration of the floating roofs on the sludge

digesters; miror -'epair to the screening and grit removal system; and

restoration of control facilities for the primary treatment process.

To accomplish secondery treatment of the sewage will require restora-

tion of the blower facilities in the blower building, additional repair

of the blower building load center, and restoration of the control facili-

ties “or the secondary treatment process.

Expected Damage to the Collection System

Weapon Effects

The weapon effects on the collection system are maximum at the treat-
ment plant entrance. Most of the collection system, however, experiences

less than 3 psi static overpressure.

Pumping Plants

Damage is expected to the power service drops for the pumps in two
of the collection system's 11 pumping stations. The sewage flow handled
by these stations represents, however, less than one percent of the total
system flow, 1n addition to this physical damage to the collection sys-
tem, it is expected that the remaining nine pumping stations would be with-
out power because of the expected power fallure in San Jose. This power-
out situation would last perhaps for some days. The combined loss of
sewage flow for all 11 staticns is less than 5 percent of the total sys-

tem flow.

Collection Mains

No damage is expected to the underground collection mains since they

are all buried to a minimum depth of 4 feet.
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Summary

For all practical purposes, no significant reduction of sewage flow H
or sewage handling capability is expected because of damuge to the sevage
collection aystem. The only reduction in postattack sewage fluw will be 1

because of postattack living conditionc and reduction of commercial can- 4

nery end industrial operations.

Conclusions

1. No significant reduction of postattack sewage treatment load 1s

i expected because of damage to the collection system.

2. There will undoubtedly be some reduction of postattack sewage
treatment load because of postattack living conditions and
reduction cf commercial cannery and industrial operations. The
amount and significance of this reduction are beyond the scope

of this report.

3. The sewage treatment plant is completely inoperable, not prima-

: rily because of damage to the treatment equipment, hut because

of damage to power generation equipment, air production equip- L

ment, and the control equipment necessary to permit operation.

4. Immediately following the attack, sewage must bypass the plant
and flow through an existing bypass conduit to the bay. With

some repair, chlorination for disinfection purposes, <=2= ve
provided to the raw sewage through the existing chlorine feed
line from the chlorination building to the overflow structure.

This repair work would require perhaps several man-days.

§. With the partial restoration of the primary treatment process,
the sewage can be given primary treatment and then released

through an existing bypass conduit to the bay. This repair work

would require perhaps a few man-years.

6. Returning full primary and secondary treatment and sludge handling
would demand very extensive reconstruction. This would require

geveral man-yeais of repair and reconstruction effort.
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IV  DRAINAGE SYSTEM

Introdqg}!gg

The drainage system in San Jose is essentielly 182 ssparate small
drainage units tied together by a system of natural stream channels, some
oi which have been impruved. For all practical purposes, the system
operates completely by gravity flow. A FIVE CITT STUDY working paper
(code number 58-11101-4334§-21) titled, "San Jose Drainage System" was
prepared which describes the drainage system in general and presents a
limited vulnerability analysis. The description and vulnerability aialy-
sis of this sy=tem are limited because the system is not expected to
experience any significant damage from the hypothetical nuclear attack
postulated for this iteration of the FIVE CITY STUVY. The results of the

description and analysis are summarized in the following paragraphs of
this chapter.

Three major stream systems traverse the city of San Jose from south
to north and discharge into the southern end of San Francisco Bay. These
streams drain surface water runoff from surrounding areas. Man-made
assistance in runoff drainage is provided by a storm drain collection
system, which intercepts a large portion of the runoff and transports it
to numerous outlets discharging into natural stream channels., The col-
lection system covers about 80 percent of the city and includes gll of the
business section and most of the residential areas. The Departaent of

Public Works, City of San Jose, handles all activities of the drainage
system,

Drainage Basing

San Jose is situated in the lower elevation areas of Santa Clara
Valley and occupies parts ol thres major drainage basins, These are the
Coyote River or EBast Basin, the Guadalupe River or Centrsl Basin, and the
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San Tomas Aquinal-Bargtoga-Calabazal Creek or North Central Basin. The
outer limits of the basias are defined by ridges of hills on the east,
south, and southwest varying in elevation from 2,200 to 4,200 feet above
sea level. The basins drain generally norihward into S8an Francisco Bay.

The total arva .. .hese three hrsins is 580 square miles.

8uan Jose, together with surrounding communities, occupies 175 square
miles of ailuvial plains in the central portion of the valley floor at
elevations between 10 and 300 feet above sea level. In the foothills on
three sides of the city, and on low ground between the city and San Fran-
cisco Bay are large agricultural wreas occupied by groves, orchards,
vineyards, and truck gardens., The niiis Jorming rhe boundaerics 22 *Le
basins are covered by scrub and brush intorwoven with networks of small

creeks, which are dry ruch of the year.

Several reservoirs have been created by the construction of dams on
creeks in the hills. The more important of these are the Vascna and
Lexington Reservoirs on Los Gatos Creek, and the Guadalupe, Almaden, and
Calero Reservoirs on the headwcrks of the Guadalupe River, all of which
are included in the Guadalupe 3asin. Anderson Lake is the principal body
of water in the Coyote Basin.

Annual mean rainfall in the drainage basins, which occurs primarily
during the period September through April, varies with the location and
elevation of measuring stations. In genersl, the low-lying aress within
the city of San Jose receive from 13 to 14 inches of rainfall annually,
In the foothills surrounding the populated areas, mean annual rainfall
varies from 20 to 40 incbh2s. In the hills along the boundaries of the
drainage bu: =, some stations ha'e a mean rainfall of 40 to 350 inches
annually, with ona station at Saratoga Gap, elevation 2,800 feset, record-
ing 87 inches on a long term basis,

Collection System

The collection system serving the city of Ren Jose consists general-

ly of an underground sewer system =ith outlets into the rivers and croeks
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in the area. At » few places, small natural drainage ways have been

improved by deepening and widening for use as storm water drains.

The underground drainage collection system is constructed in units
of various sizes, depending on how each sewer system fits the local top-
ography. A slope allowing a minimum of 2 feet per second is maintained
in all storm drains, with gravity flow in the entirz =vz=tem, excent for
a few minor rrivataly operated pumping stations in railroad and highway
underpasses., The latter are for lifting water into gravity trunks. The
system consists of approximately 182 separate drainage units, each of
wisabis dicvhmrgne into a creek or river at a separate lncation within the

city.

There are between 800 and 650 miles of pipe in the entire under-
ground drainage system, ranging in size from 10 inches to 72 inches in
diameter. Pipe material is mostly coacrete. 8Sizes 12 inches in diameter
and larger are reinforced. Manholes in the older parts of the system were
constructed of brick and mortar, but in recent years, precast reinforced
concrete rings aave heen used, M2-%ole covers and seating rings are of
cast iron, with covers bolted in place where hydraulic gradients require.
Gratings for curb opening inlets are of cast iron. Laterals from catch
basins to trunks are not less than 8 inches in diameter. Pipes are buried
to a minimum of 4 feet of cover from the crown of pipe tov the surface of
the ground, except in a few instances where circumstances have warranted a

shallower cover.

There are no exposed pipes in the drajnage system, because drainage
lines terminate at the banks of the rivers and cresks. At all outlets,
the pipe is supported by a concrete headwall or sack riprap, and the out-
lets are protected by @ ca.t iron, automatic swing-check gate or rebar
grill. Gates are mounted on‘a framework which is bolted to the concrete,

thus preventing back flow.

" There are some inverted syphons in the system, where drain pipes dip
under other structures, temporarily lowering the flow line. Whenever
drain pipes pass under railroad crossings, the pipe is protected by a
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sleeve of larger pipe, usually corrugated iron, and the annular space is
filled with grout or compacted sand fill.

Operation and Maintenance

All drainage activities are under the direction of the Department of
Public Works, City of Saan Jose. Maintenance of the drainage as well as
th> sewage system and minor new construction is pertformed by the Engineer-~
ing Operation and Msintenance Division of the San Jose Department of
Public Works. The main City Corporation Yard located at 8ixth snd Taylor
Streets is headquarters for this acfivity. There sre two branch yards,
one at Monterey and Snell Roads; and the other, the west branch yard, at
Doyle ancd Williams Roads. During weekdays, over 100 pieces of equipment
and up to 280 men are available at the main yard for all the utilities.
Of these, eig™t crews of two to four men are assigned to sewer mainten-
ance to answer trouble calls and service pump stations. A construction
crew of 13 men has available up to 10 p’~ces of honvy~equ1plnn£ such as
bulldozers, cranes, and loaders. During the night and on weekends, oni
scTar meintenance crev of three men 18 on radio csall for emergency.
service, in sddition to the night i« to mechanic and two assistants
statisned 4t the Lain yard.

At the branch yards, there are no personnel on night duty. The Mon-
Lerey yard maintains two or three sewer maintenance crews with six pieces
0. eyuiomen® on weekdzys. At the west bhranch yard at Doyle and Williems
%oa's, there are no personnel engaged {n sewer maintenance, but there kre .

¢ tu 12 pleces of equipment available if necessary.

Design of additions to sewage ard draiﬁace collection system: is per-
forw=d by the engineering division of the Department of Public Werks.
Miuor construction work is done by city crews, but major projects are con-

structed by private contractors under bid.
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Expected Damsge

Stresm Channels

The hypothetical wezpoa effects experionced by the varicus componeits
of the drainags system are ahown in Table 13. As may be seen, the utreanm
channels receive, by far, the greatest intensity of effects; however,
these effocts occur in the undeveloped low-lying baylands. In the built-
up portion of San Jose, the weapon effects experienced by the strean
channels are: less than 5 psi overpressure, less than 0.3 psi dynamic
pressure, less than 100 mph winds, and less than 60 cal per sq cm thermal
radiation. While sume debris will be produced along these stresm chmnells,
it is not expected that debris blockage c* the ~hannels 3121 be oi major
significance in tha' immediate postattack period.

Collection Mains

The collection mains will receive, at most, 3.5 psi overpressure.
8ince n=arly all mains are buried to a xinimum cf 4 fent of cuver, no
damage is expected to the collection system. If hezsvy rains occur, how-
ever, debris blockage of the collection mains could become a problea be-

cause of the large swmount of debris in streets srd curbs.

Reservoirs

The dam and reservoir closest to ground zerc 1s Vascna Dam and Res-
ervoir, which receives 1.5 psi overpressure. This overpressure is insig-
nificant to this structure, and hence no damage will occur o any of the
reservoirs. Becsuse there will be ho damage to the drems, the sudden re-
lease of stored water will not be a problem, '

Corporation Yards

Toe main corporation yard at Sixth sad Tsylor Streets and tbe branch
yard at Doyle and Willisas Rcads receive adout the sewe weapons effecte--
1.9,, 2.3-2.8 psi overpressurs, 23-26 cal per sq ca thermal radiation,

9
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Table 13

DRAINAGE SYSTEM

Weapcn Effects

Strean channels

Collection system

BReservoirs
Vasona
Lexingtua
Guadalupe
Almaden
Calero

Anderson

Corporation yarde
Sixth and Taylor

Monterey and Snell 1.2% psl overpressure

Doyle and Willtams 2.5 psi overpressure

All yards

Up to 20 psi overpressure

Uy to 3.2 psi dynamic pressure

Up to 346 mph winds

Up to 500 cal per sq cm thermal radiation

3.5 - 1.0 psi overpressure

psi overpressure
psi
psi
psi
psi

A e e
s s o OO WO

psi '

2.3 psi overpressure

23 cal per £q cm thermal radiation

9 cal per sq cm thermal radistion

26 cal per sq ca thermal radistion

< 0.3 psi{ dynanic pressure
< 100 wph winds

10
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less than 0.3 psi dynamic p..esure and less than 100 »_.. wiads. Some
1ight damage is expectsd t: occur to the maintenance and construction
equipment because of debris and light missiles. For tke most part, such
damage is expected to consist of shattered windows, bruker gages, and
dented bodies. Howeve:, all equipment is experted to retsin its capability

to perform its intended function.

Tho branch yard at Monterey and Snhel)l is not expecteu to receive a: -

significant damage,

Pumping Stations

As was stated previously, the drainage system operates almost exclus-
ively by gravity flow, except for a few ainoy privately operated pumping
stations at ratlroad and highway underpasses., Since °hese stations are
not part of the San Jose drainage system, per se, their precise locati~
was not determined. In the immwediate postattack period, the power sup-
ply to operate these pumping ntations would probably rot ve svailable for
at most a matter of deys. In the absence of any beavy rainfall, loss of
power or damage to these stations is not expected to be significant; in
the event of rain, the power loss and damage woul! be of relatively minor

significauce.

Summary znd Conclusions

The drainage system in San Jose is essentially 182 separate small
drajinage units tied together by natural streams, which convey the rain-
water runoff northwarc “rom the city and ewnty ints the southern eoad of 3aa
Francisco 8ay. The drainage system 1% essentialiy a Cospletely gravity
system. All collection mains are buried to a minimum dopth of 4 feet and

pone "daylight”--1 e., emerge to surface level.

The only possible significant point of vulnerabllity to the effecls
of the hyputhetica! nuclear attack postulated for this itorg!;aa cf the
PIVE LITY STUDY appears to be (1) the accumulations of debris im gulters,

which would then wash into collection mains in the svent of heavy rainm,
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and (2) the production and accumulation of debris in the natural stream

channels. If the accumuletion of_debris wers great enough and there were
g2 heavy rain storm, possible local flooding could occur. Since the col-
lection system is compo3ec of 182 seperste units, the probability of this
occurrisd and causing a widespread flooding problem is much less than it

would be if the collecting system wereé ona unit.

‘tne drainage syztem is essentially a giavity system, although there
are a few privately owned pumping stations that 117t drainage up to the
gravity mains. These pumping stations will probably be without power
immediately postattack. However, the amount of drainage handled by these
stations is small enough that the emergency instailation of portable pumps
could handle any minor flooding problems which might occur.

In summary, then, the possible failure of the drailnsge system does
not apoear to be a significant problen.




V PHYSICAL VULNERABILITY

¥eapon Application

A primary purpose of this study is to determine the expected immediste
effects of a postulated & MT nucleer weapon detonation on the water supply
and waste waier disposal systems serving the City of San Jose, For this
attack, the most significant damage wiil be from blast, and to a much lesser
extent, from the thermal pulse. The storm weter system will be essentially
undamaged, Hence, it iz excluded frem the following discussion,

Water Supply and Sewage System Components

The water supply and sewage syzstems for the city are composed of
thousands of building elements, milas of pipelines, and equipment compa -~
nents. The myriad physical units have verying degrees of vulnerability,
interdependency, and importance to the systems. Some items considered
important during normal conditions would be insignificant during a post~

attack situaticn,

The buildings range from s very small prefabricated metal structure
to a large multimiilion-doliar structure. Window sreas, as a percentage
of exterior walls, range roughly from 100 percent to 0. Story height
ranges from about 8 feet to 40 feet. Various kinds of building elements

are involved:

Footings Wall Elements
Pile footings Bearing wails
Spread footings Panel walls
Continuous footings Curtain walls

Combined footings Parapet walls




Wall Mate2iale (Combinationa of) Ron? aed Ploor Designs
) {Reinforoed Oonorete)

Pourad-in-plsce concrete  F1st #iab
Precast concrote Riddad
Insulated metal - one wiy
Glaes

ALr space

Concrete blosk ' Dorimonts)l Frauming Design
Tiie block - Heaws
Insuisted porcalain enzasl girders
Voed Trusson
Shest uetal Purlins
Corrugated metal ‘ airts

Louvered moisl

Colusn daterialx Horizontal Framing Materials
Reinforced concrate Reinforced concrete
8tructural stesl Structural Stesl
Coxposite Composite

Some building olaments end eqguipment are below the groundwater table,
a eignificant determinsnt cf structural response to blast loading.

Building age, especislly becauso age dates the structural design
used, i another considersticn., Some newer buildings are based on ultimate
strength design procedures rather than on the older standard elastic design

procedurez, resulting in more efficient ues of materials and a lower fecior
of safety sgainst failure, whother ¢he 2ailure results from standard loads
or from blast losding. 8ince the bulldings of interest in the San Jose
water supply end sevage systoms were built after 1933, they sre considered
tn be of earihquake resistant design, and of course, capsble of withstanding
grsater blast loade thea buildings of conventional dosign.




Limitations on Accuracy of Analysis

The structural vulnerability analysis reported herein was subject to
tvo major types of limitations on accuracy: limitations due to inaccuracy
of the method, and limitations due to inaccuracies of the source data.

The limitations inherent in the standard analytical methods are well-
mown. "Quantities may be in error by a factor of two or more” and "one
becomes willing to accept errors of the order of 20 percent as tolersble, "’
Conventional design procedures are also uncertain, as noted in reference

44 on the use of "factor of safety.”

As for source data, useful information on utility components is resla-
tively scarce. The best sources of information on nuclear physical vulner-
ability are documents that emphasize potential military targets. Inter-
actions between structures under blast forces are not found in the litera-~
ture. Even the best source documents select only a certain range of com-
binations of weapon effects parameters and target parameters, and then
relate these combinations to expected levels of damage. Therefore, in
many instances we have had to extrapolate for the megaton range and to

exercise engineering judgment.

Failure Modes

Whether an item being loaded by a biast wave is a large building comsplex
or & Amall vacuum tube, an analysis of external stability, or internal
stability, or both, may be appropriate, depending on the assumed mode or
modes of failure. Failure due to translation and/or rotation of an item
responding as a rigid body is a matter of external stebility analysis.
Failuare due to the material stresses of an item exceeding some specified
allowable limit 1a‘a matter of internal stability analysis. ‘The failure
of some items in the San Jose vulnerability study iavolved both typss of
stability. Translatinn of bricks from a wall is an example of external
stability failure (trajectory of tho bricks) preceded by internal stability
fsilure (the wall fracture). Damage to an overturned contrcl panel is an
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example of internal stability failure (damage to control panel components)
preceded by external stability failure (the overturning of the unit).

Specific Problem Areas

Debris

The production end distribution of debris were determined by an innlyuil
of combinations of factors. The failure of one item or even just the item
location could affect the expected damage® to another item., A typical example
is that of a wall. From the dimensions of a wall, its design and materials,
its orientation toward the blast wave, the blast intensity on the wall, and
other considerations, it was necessary to determine the response of the
wall. If the wall produced debris, then it was necessary to determine the
size distribution of debris particles, their path of travel, impact veloci-
ties, and final displacements in order to determine the blast effects on g

other items of interest.

Blast Wave Orientation

8ince all items of interest were within the Mach region of blast load-
ing, only the horizontal angle had to be considered for the blast wave
orientation of the system components, The peak reflected overpressure as

a function of blast orientation was known, but dynamic pressure, impulse,

diffraction, and other factors as a function of orientation had to be con-
sidered in detarmining the occurrence or extent of Iiiluro. As already

! stated, the source documents provided little of such iaforaation. How-
ever, the source documents did provide principles that this study adopted.
Por example, a source described briefly the expoctdd damage to a general
type of building for 6 psi loading in the Mach region from a 5 MT weapon
for face-on orientation. We modified this information by considering the
particular deteils of framing, shielding, windows, terrain, etc., to
determine whether a building component such as s particular wall panel E
] would blow in, blow out, or remain standing. ' -
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8hielding

8hielding as generally used refers to hlast wave attenuation hecause
of shielding of one item by another. The paak pressure experienced by a
targot can be modified by at least a factor of 2, depending on the degree
ot shielding. To determine the degree of shiclding for a given item in
the S8an Jose study, we examined not only the existence of shielding from
blast but also the shielding from debris, and the followving shielding
characteristics: distance betwean the rhield and the shielded item, the
Size of the shield, the response of the shie'd to blast, and overpressure
reflection from surroundings. Much more work remains {o Lo done on shield-
ing aspects, and this analysis claims only a start in applying shieldirg
phenomena to a resl and complex situation.

Impulse Enhancement

Closely associated with shielding was the problem of the increase
rather than reduction of the expected level of damsge to a particular
item as a result of the proximity of another item. An example from this
vulnerability study of the water-sewage complex will illustrate the analy-
tical method. Among the items studied were metal-clad control boxes
approximating the shape and volume of 2 1 foot cube, Such boxes had three
major locations throughout the system, and each location significantly
alfected the pressure-time function of the blast wave on the control box.
Por all three cases, the boxes were firmly enough fixed that they would
not undergo rotation or translation from the blast. In the first location,
the control box was supporied by a small metal frame, and in this case,
the diffraction phase would be oxtremely short, and the most dameging
agent was dynamic pressure. In the second location, the contrcl box was
attached to the leeward side of a larges systam component which was unatfected
by the blast. The control box would be envelopad by an overpressure after
rarefaction occurred and also a porticn of the dynamic pressure; the over-
pressure tended to'cmh the box and the dynamic pressure tended to tear
it from the component. In the third location, the control box was attached
to the windward side of s large -ystoi compounent. The control box would
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experience a refle.ced overpressure with a much loager diffraction phase
than was experisnced in the first location. Also, the control box would
exporience overpressure and a portion of the dynamic pressure. A signi-
ficant point about the loading in this third location is that the reflectad
overpressure on the control box would bo resiated by the large system com-

ponent., Therefore thiz reflected overpressure would result in a crushing
force on the control box, even though reflected overpressure doss not
normalily result in a crushing force.

From these considerations, the magnitude and effect of increases as
well as reductions in the damaging effects of biast were estimeted. As
in other problsm areas previously discussed, quantitative measurements of
this impulse snhancement could not he ahotnctqd from source documsents,
but weapon effects principles and some weapon fcsi:s constitutad a guide to -
estimating this effect in the postulated attack. \ |

Physical Vulnerability Application

The vulnerability analysis for the wster supply and sewage systems
was cdeveloped in two phases. ' '

First Phase of Analysis

In this phass, information was extracted frbi sourde documants and
arrayed as a list relating physical items such as buudinss, tm)m, pip..b
etc., to damage levels for a _range of ovorpreesurea However, in mrsct~ ’
ing and tabulating, wve made dociuons s to th@ accurscy and rolzwanca e:t ) ;
the source mromtnm, sinco the iuformition v;\s of varyimx tcopo hnd
reliability, as siready noted. Onu the basis of o\'pec\tsd Vame eFL w§
v» created Tables 14 through 18, which relate damo levslﬂ an :ivcn )
system components to the incident ovarpressure of 32 § MT ysap&. undorv the
assumption taat the mtructures would be in the Mach region. Although such
events as a pmurtoz;‘could viter damage level, near-ideal oo‘ndittoaa'o!i o
woapon effects were sssumed to prevail. Aside from blast, other dameging
agents, such ss fire, were mot included in the dsta of Tadles 14 through
18,
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Yo included the facilities of other municipal services, such as natu-
rul gas supply aud 2lectric powar, because damage to these services would
affect the cperation of the water and sewer systems, and in turn, the
lattor would stfe.t other services.

Thens tablas, then, wore based on the avorage or gensralized assumed
environksnt and characteristics of structural items in nuclear attack.

S8econd ‘?Mes' of Analysis

- The second pbasze ¢? the vulnerability analysis was concerned with
sodifying ths walucs in the above-menticued tables, which are based oﬁ
the aversge or commonly assumed enivironment and characteristics of the
item in question. The modification consi_stod of changes of the damage
l.c-mbovar';imawre relatiodah.‘-.p according to the particular environmnt
and charsiteristics of the iftem being studicdt, It is this stop that
c»}u\:el 1;04-:;&:9 c\é:ves on & zap not to be concentric with oveipressure

curves or thermal _ﬁxtsnsity curvaes.

' .;In dny coupl-ax;systeae apalysis, there will be numerous details of
environment cnd physical charactaristics ‘which %11l greatly alter the
. expected lov‘el_ of damage derived by reference to a damage level tadle.
% location of an item within a building, may siganificantly affect its
) expected level of dnnko The type and mil'ture content of the soil sur-
\romding a besement affects the response of the buennt nu-. The '
cr:%ttcal overpnssure iay be affected by a fnctor ot 2, dopo:dtnt on lhiuld-
1n¢ and 1qm1€.e onhanceser.t. The critical qve_rpmmm of a nur(aeo tank
may vary by a fnctor of 2, é?epandiﬁx upoﬁ the level of liquid in tho tunk.
‘m level of do.pag' to a wall and the contants of s lmudlne wxu depend
ot blut wave orisntation and ta-pocnphie roatum A«notor ceatrol center
Ui power line may resist the dxt-ct b!.as..prcuum yat de rendered mop-
onhlo as & reault of tho ruzun of A neardby tiee. m damage level sus~
tained by loa- pieces of eguipmant n«ntly depcxh ed mthr or mt th}

. are gperatiag -at ths time af_,}::n;. Slu\ duruc to s ctmctm uy bt




ninor, yet structursl failure may ocour as a result of fire from short cir-
cuiting or from ruptured fuel lines and fuel tanks.

These and numercus other nhtﬁuhﬂpl. such as all of the inter-
dependencies o2 the various components of a system, had to be cbuidcm i
in order to tesper the values from damage level tables to conform with
the peculiarities of the envircament and characteristics of the itea or
system of items under study. ‘Theirefore, the values found in Tables 14
through 18 wiil not coxnform perfectly with the vulmerability analysis of
the water supply and sewage systems in Ssn Jose, nor will the damage levsls
frcm the tables be applicadle to zuy other specific utility systed with-
out due comsidsration for the meny particulars ancd uncertainties associ-

| ated witn s.y complex utility system.
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VI VATE:R NETWORK ANALYSIS

iuw. .

The problez of whetaer water will be available for firefighting and
for fellcut c!ecoqvtral‘innnon eftorta,.‘duriug ine period sfter nuclear

attack depends on the akiiity tc understund the water network in an sreas.

?z‘iczic‘n{ sny cmo or damage to the water system will alter the
water pressure in =t least part of that system. An automsted water net-

work can compensate for small charges but is inadequate to hsndle the

' lurger slterstions. petermination of exacily how the system will function

nQ;uiros the water network to be snalyzed hydraulically. Without an analysis
of the ﬂéfvork, estimates of how a network will function are only guess-
work and c}mul—& be treated as such.

A Iniwledge of the pressures in the water network furnishes an
indication of whuiber the water sysies 15 functioning adequately. The
hydraulic analysis generally ured to determi.e the pressures is the Hardy-
Cross method.® This method employs hyﬁraullc equatione, graphs, and tables,

and is essentially a lsboriocus process of iteration--a step by step

- calculation of pressure differeatials in loops, or portions of the pipeline
- network. BEven with this exiensive effort, the Hariy-Cross msethod cannot

_handie large system anslysis without modification and computerization.

Thie chapter describes the pi-oceduroa for aciifying th) Hardy-Cross msethod

10 dedl with large systens in an efficient manner. The procedures are for

 the preattack planner against nuclear attack. More study is required to

implemant tHe latest! research and developmants for a postattack analysis
of this wster system.

Annirsis of Plow in Networks or Conductors. {v. Illinois Eng. Xxp.
Sta., Bcil 286 (1836).




Other iterciive ms!{ s have been explored to sclve the water net-
work problems, and s method advenced by Davidon' proved the most promis-
ing but requires further development before it can compare with the
efticiency of the receat modificarion to the Hardy-Cross method, as is
explained later. Davidon's simplified method 1s given in Appendix 3.

Background

In the analysis of situations after nuclear weapon attack, one of
the major concerns (s the water supply systom that would experience
emergency demands from (he firefighting and decontamination forces. MNot
only are these demands extress, Lut the situation is further aggravated
by the loss of water becasuse of broken pipelines, The damzgcd area must
be isolated by closing the valves to that area.

A nuclear detonation will cause scattered fires, if not a mass fire,
and the lack of water can frustrate the forces attempting to contaian the
fires., The radioactive fallout is broadcast by prevailing winds and de-
scends to the ground in the forn of dust. Since the decontamination
methods will usually require water (stree! flushing, firehosing), the
lack of water can slow the area recovery, endangering both rescue opera-

tions and travel through areas contaminated by fallout.

It may not be possible to ascertain the smount of water that is
available in different portions of a city under attack until the system
is actually tried out. Because emsrgency measures may close off some
plpelines and reroute the water, the weter needed in undamaged areas may
travel through unasccustomed routes, and knowledge of the new network msy
not bo available. Por efficient pustattack rccovery, the water ant‘n
mist be analyzed to locate recovery forces in & proper manner, so that
the water flow in critical areas will not be reduced below an effective
level. City fire departments today sometimes lose precious time by
sending more equipment to a fire than the neardby water lines can support,
xnd the fire rsges on while equipment adjustments are sade.
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As postattack analysis progresses in the future, the understanding
of the water netwerk will be of increasing importence. A ascenario of
postattack activities should contain some estimate of the water systom,
since without a water network analysis, the allocation of firefighting
and decontamination forces could be ineffective.

A method most commmnly used to analyze water networks was developed
by Hardy-Cross in !936. The method, which was orig.aally computed by
hand, is now calcuisted on electronic computers., The Hardy-Cross method
in 1ts originel fore is inadequate to ham'le a large system becaure of
the time reguired to run these networks oa the co-pnter,and.the tedious
datz preparation hecessary to schieve a scluticn., Modification of the
Hardy-Crosa systzm in recent months has bypassed its shortcomings, and it

can now be an efficient tool to anelyze even idbe srge water neiworks,

Basic Components of Water Network

Ir a municipal water distribution aystem, the pressure througbout is
mpintained between desired limits. As the water is taken cu* of the
system, the pressure drops and uéra water must be added at a higher pres-
sure. he wster enters ‘he network from reservairs, storage tanks, and
wvolls Trs well pumps ere regulated by the water height in reservoirs
aud stordge taanks. or by the pressure in the system. The pumps not onlw
help replenizh the supply of water but also help meet the water demands.

A water distribution system in a lzrge city is sade up of s nuaber
of smeller nsetworks of different pressure tones; San Jose, for example,
bgs 29 pressure zones. To pass water frox one zoae to anather, pressuyre
raducting valves lnd‘bocﬁter puNps sre used whivh maintain the differance

ip prissires hetweer networks.,

For the postattsck problem, the immediste question 15 to determine
whether the cama cd water system can suppori the firefighting and decon-~
tamination squipment. This question {5 essextially & gquestion about

ndiqua:e presaures, within limits, In the water system.

o muta—re
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To dotermins wherher the pressure at every point in a network is
within ths desired lim*ts, the network must be enaiyzed. In the Hardy-
Crcas method of analysis, = water-network disgram must be zet up. The
analysis wiil not indicate whsre new lines should be placed but will only ]

S
I
i
i
{
i
|
t
!
y
1
|

calculate the watur flov in the lines given. If a system is dameged, the

Bardy~Cross network masiyzis cannot toll bow tc repair that metwork, btut
it will snalyze a new postulated system and scow whother it will operate
near the desired limits as designed. If upon anslysis, the postulated
system will not function as was hoped, new information can be lsarasd 7
from that analysis which will 2id in designing a network that will finally

prove sgrisfzctory.

Herdy~Cross Meihod of Balyaced Heads

To formulate the water flow in a nexiwork, the static problcea i3
solved for given demsnds. Water input snd ourput rates ure given in terns

of ailiion gallons per day (mgd) or in gallons per minute (gpn).

Te reduce the size of tue neiwork of each zoneo, the indivicusl de-
mands (i.e., individual house water Jemauds tc thz main line) are nof

ta%en sll along « pipeline as they occur, but are wggregated at the i

Junctions. -
1
b Figure 5 E
SCHEHAT:C OF WATER DEMAND POINTS E
& v
individual Aggregate
1:99@%
R
Ot O+
(400 [y
D,..,D%g DY O
o0 0 O6G | &
26
lelluuuq-uqa--




The network in Figure 8a 1s »ater going iuv =any places. PFPigure 8b
aggregates the flow of PFigure 6a into water going to only four placos,
The network cun be further reduced by ¢iiminating the smallor lines
(¢ and 6 inck dismster pipes), and for s well-desigrned aystem, larger
lines czn bYe removed from the network with little loss of accuracy. Care
must be tzken when setting up the skeleton sywtem since distorted results
can bs obtained if there are many parallel connections with smaller pipes.

Figure 6b, ths aggregated network, is resliy orly a portion of a
large water aystem such a2 Sac Jose hax. This boxlilke portian is called
& loop, so that a diagram of small porticas of g city system would lnok
1ike the diagram given in Pigure 7.

As the legend of Figure 7 indicates, the loops are numbered consecu-
tively, and each corner of & loop i3 cailed a noda, designated by emcir-
cled numbers, again given consecutively. Each pipeiine in the loop is
presented as a stre.ght line, sad zZiven a number--1, 2, 3, evc.; Pigure 7

shows 19 pipelines.

Note that in Figure 7 the node pumbers occur from left to right, and
this sequence continues for the next level of limes, The pipeline numbers,

nowever, mist take acc unt of verticsl as well as horizontal lines,

With this framework so far, we now nead to know a faw more terms, as
shown in Pigure 8: wailer dewauds, elevation and pssudo lcop. Watar de-
mand is straightforward; numbers in Figure & of three digita or mor? are
the demands of that asctor of the pipeline ne¢iwork in gpm or mgd. For
exsmple in loop 2, all four nodeg of that ioop have the same deowrand:

278 gpm.

Thae elevation (EL) refers to the relative water elevation in the net-

work and it could be the elevation in feet above Sea level.

Figure b is also a dlagram showing the minimux inputs neeced by the
analyst for any water network: 1loop, nodee?, diroction, and water desired.
A pump at node 3 inputs a constant amount of water and this ig taken into

account in the initial estimate of the flow., Iu practice, the amount of
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water input by 2 pump is not a constunt but varies with the pressure and
will bs discussed later. The only other entity needed is an artifact of
the Hardy-Cross method~-the pseudo lcop.

As th® water flows through a pipe, the energy lost due to friction
or viscosity of the water and the turbulent motion is called the head
loss, measured in feet. The relation between head loss h and the water
flow @ is given experimentally by

h = k@ **8

where k ic the numerical constant for a particular pipe. (See Table 19
for definitions of symbols.)

TABLE 19
SYMBOLS FOR EARDY-CROSS METHOD

L = length of a pipeline in feet
I = diameter of a pipeline in inches

C = Hazen ¥Williams coefficient which is a constant
often taken as 100; it varies with the type of
material of the pipe and the age of the pipe

Q = the water flow in a line expressed in gallons

per minute
k = the friction term for a pipeline

k = 10.43 L/(p* %7 ¢! ‘®%)

n = the head 10ss measured from one end of a

pipe to the other and is expressed in feet

h = the head loss with & correction term |
edded to the flow [h' = k(Q + q)!°%°] =




The two basic hydrsulic principles applicable to network flow are
¥Q = 0 node equation
Zhw G i0up Ogquativa

~ The node equation states thit the water flow in a network mus: be
balanced at the junctions, and the loop equation states that the slgebraic
sum of the head losses around a closed circuit must be zero. The equa-
tions cannot be solved directly, so the well-kanowm Hardy-Cross velaxation
technique is comwonly used. With the Hardy-Cross (balanced head) method,
the estimates for the initial magnitude and direction of the water flow
are made, satisfying the node equation that the water entering and leav-
ing a node muat equal. If the network is balanced, the loop equation
will also be satisfied, but since the initial flows are only 6st1-ated,
the sum of the head losses is not zero, and a correction term is added to
the flow values., With the new flow estimates, the method is repeated in
an iterative Janner until the sum of the head losses in every loop is

less than the prescribed maximum error.

The derivation for the flow correction, q, in each lvop 1s given ns
follows:

The sum of head logses for the pipeline is taken in a clockwise
direction for each loop of the network, using a plus sign for the head
loss when the water flow is in & clockwise direction in that loop, and a

minus sign when the water flow is in a counterclockwise direction w *h
respect to the loop.

The equation for loop 1 in Figure 8 is
by + h¢ - hg - hg = 0

where h’ 1s the value of the head loss when the system is ultimately
balanced: where h' = k(Q + q)*'®° and h = kQ'*®%. The subscripts desig-

nate pipeline numbers (for convenience called simply lino numbers here-
sfter).
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Ther the equation for loop 1 can be written as
ky(Q + @1 %F 4 ke(Q + @1°%° - kg(Qs + 9155 - ky(Qy + )1 %% =0 .

Using the binomial expansion and ignoring terms in higher powers of q,
then solving for q given
m hl + h‘ - h' - ha
1% T855(8/Q ~ T.35(h,/Q; + Be/Q - De/Qe = By/Qy)

Te account for differences in elevation, psuedo loops are introduced
(as shown in Mgure 8 by the dotted lines) and the head loss of the dotted
line iz taken as a constant value equal to the difference in elevation.
The number of pseudo loops equals the number of given elevation points
minus one. The water introduced by a punp is implicitly expressed wher
establishing the initial estimates of water flow by satisfying the node

equations.

Figure 9 pressents the steps in the analytical procedure, and Table 20
presents an example of the inputs and outputs for the method.

In the original form of the Hardy-Cross method, the number of itera-
tions necessary to reach a given limit of accuiacy varies considerably.
For example, the data presented in Table 20 required only 37 iterationms to
reach the limit of no more than 2-ft head loss per loop; with a slight

alteration of the initial flow estimate, and the description of lcops 9 and
10, some 185 iterations were required to reach the same limit. By taking
a slightly different relation for locps 8 and 9 (in two more computer
trials) and asking for a limit of C.75 feet, the analysis would require
somo 234 and 236 iterations. T'e reason for the gieat difference in the
number of iterations required to reach a solution is that in the Hardy-
Cross asthod th~ corrections q tend to oscillate violently and can often
be slow in converging to & solution. The unmodified Hardy-Cross method

is too unreliable to handle large networks. Techniques to make the method
more dependsble, by speeding up the rate of convergence, are diascussed
later.
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Figure 9

PROCEDURE FOR HARDY-CROSS BALANCED HEAD METHOD

 READ NETWORK
DATA
CALCULATE FRICTION K o3t
FOR ALL LINES [4-87.1.85
CALCULATE HEAD LOSS h bk gl®
ALL LINE

A

CALCULATE Y h FOR
ALL LOOPS .

ARE THE
¥h OF ALL LOOP
UNDER LIMIT

CALCULATE CORRECTION q - h
q FOR ALL LOOPS 1.8527(h/Q)

| o
f MODIFY THE CORRECTION

q OF EACH LOOP TO
SPEED CONVERGENCE

CORRECTION TO EACH
LINE FLOW

L FOR EACH LOOP ADD THE

—
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Table 20

EXAMPLE INPUTS AND OUTPUTS FOR HARDY-CROSS ANALYSIS

LOOP DATA
Lines in the loop
No. o?f (see Pigure 8)

Loop Unbalance Lines 1 _2 3 4
1 o 4 1 4 ~8 -3
2 0 4 2 5 -7 -4
3 0 4 6 10 -12 -9
4 0 4 7 -11 ~-13 -10
5 0 4 13 -18 -18 -15
-] 0 4 14 17 -19 16
7 185 4 -1 -2 -5 -8
8 0 3 -14 11 8
8 -2 1 -17
10 -183 1 19

Line Data Input
Hazen- D L Estimated
Williams Diameter Length Flow, Q
Line No. Constant, C (inches) (teet) (@
1 100 24 9,000 3,634
p | 100 8 2,000 356
3 100 28 5,000 4,000
4 100 24 5,000 3,000
5 100 18 5,000 3,548
6 100 10 9,000 722
7 100 16 2,000 3,000
8 100 10 6,000 7,000
9 100 24 2,000 3,000
10 100 10 2,000 444
11 100 10 2,000 730
12 100 18 8,000 2,267
13 100 10 2,000 1,233
14 100 20 6,000 7,225
15 100 14 6,000 1,200
18 100 24 6,000 7,000
17 100 12 6,000 0
18 100 18 2,000 942
19 100 20 6,000 5,912
Note: Limit = 2 ft loops = 10 Lines = 19.
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Table 30 (concluded)

Line Data Qutput

Calculated

Loop Error

Read Loss

Now

No. (feat)

{feet)

(

Line No.

-1.59
-1.55
~0.77
~0.984
-0.81
-0.48
-0.74
-1.52
-0.30
~0.68
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Water Network Developments

In water network analysis, a saving in time and money can be achieved
if the computer is used to its fullest capacity to encompass the more com-
prehensive water network problems, from data preparation to optimizing
among alternatives. The network computer programs are & carryover from
the hand computation schemes and should be redesigned because in recent
msonths, a number of developmsnts have occurred which brcadsc computer use
as well as accelerate previous methods. The faster netvork computer pro-
grams, with their easier data preparation methods, are going into the
design for new network distributions that yield optimum costs.!® A list
of analytical areas that arv being developed or should be developed in

vater network analyais is given below,

More rapid convergence to a solution is most i1mportant to handle

large networks.

The initial flows are being estimated by the computer program in
terms of the known inputs and takeoffs.

More floxible data inputs in a form easiest to prepare should be
available, with the cumputer doing as much interunal preparation
as possible.

It is essential to develop the ability to handle all types of
facilities, such gs pumping stations, storage tanks, booster

pumps, eic., in a realistic manner.

The compu.er output listings should be in a form most useful to
the user, giving the pressures at all points in the system.

A dynamic network snalysis of the changing water demands over a
period of a day is necessary to show the true cond:tions of the

watar system.

There should be computer drawings showing the flow disgrams with
lgbelad lines giving values .f f{low, pressure, and relative

elevations.
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* A computer sketch that gives pressure contours over a schematic of

the water network would be quite helpful.

One of the most important modifications that can he made to network

analysis is a method for a quick ssluticon. PFor a large network, the com-

puter tiwme would be too expensive without fast and consistent convergence.

Some modifications to the Hardy- ‘ross method have proved successsful in
reducing the sumber of iters‘ions necessary to reach solutjons. One
mwthod to reduce the number of oscillations of correction factors, as
manifested by a sign change, is to reduce the correction by one-half,
wvhich compen-ites for over-correciions. Under-corrections, which can be
seen by no change in sign in three iterations, can be increased by some

faccor, 3ay 1.2 times the correction. Another device used to increase

convergenca is to concentrate on the terms that are most out of balance, and

t> ignore the terms that are within the specified limits. Still ancther
method to speed convergence is ‘o include the quadratic terms of the cor-
rection factor q in the binomial of the loop equations rather than just
the linear terms used in the Hardy-Cross method. A feature which has
aided in speeding up the convergence is to include additional control
loops of the mein lines of the systen,3 Aithough these contrcl loops are
redundant, they keep the important lines on s more consistent track to-

ward convergence.

One of the tedious chores in the Hardy~Cross system is the require-
ment of initial estimates. In the past, good estimates were essential
because of the long computer time required t> reacr a solution; bowever,
with the modification to speed the convergence, it requires only *=n or
S0 iterations more to reach values as good as can be ez*‘~-..ed. The com-
puter costs are small compared to the man-hours required to do the esti-
asting, and depending on the computer and the size of the network, the

extra costs could be less than a minute of computer time.

¥hen the ini{tial estimates are eliminated the data preparation 1is
also simplified by removing the requirement that the direction of the
flow b specified. The flow directions can be inferred by defining pilpe-

lines in tarme of their two nodes, and thus the signs in the upper portion
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of Tabie 20 would be eliminated. The datas preparation eghculd be arranged
in terms of “‘he basic network peropert 2g, with the computer doing fusther
preparation and checking. It has proved advantagecus not cnly to bave
the properties of ea(n pipeline given, but ealso to have the data prepsred
to incluge the lines at each node as well as the knmown inputs or takeoffs,
and, 17 known. ths ground eleveailon. Althougn the linss at a nede csn be
dotermined from the input-line data which give its two nodes, this extra
information is easy to obisin and allows for the computer to crosecheck
the inpvi informaution to catch human errors.’
In the network analysis, ihe water input from a well pump is taken
as constant, but in fsct, ‘he flo¥ from n well varies with the pressure,
The honster pump must strain mere to add water when the pressure is high,
and using a constant fiuw can give misleading results. The variations
¢t water input from a pumn with pressure can be inciuded in the Hardy-
Croegs calculation with the introduction of a iable or an equaticn. Other
water facilities wuch as bocster pumps can he handled in a more resalistic

amanner,

The ocutput from the computer should pe in a form most convealent to
the user so that no more calculations are nescessary. Tue usual practice
is to think in terms of pressure in psi, and the data should be given in
this form., ‘The relative elevations, in terms of head loss. are also use-

ful itmms to be included in the data output.

Jf the user is intercsted in picking the strong and weak points of
the network in term: of pressure, the listing should be prepared to arrange
the nodes in sscending order of their pressures. The ranking of the net-
work points by pressure will prove hoth interesting and helpful in quickly

identifying danuer points.

Carrently, to mere fully understand the watcr network, the information
given by tho computer 18 transcribed ontu a sketch of the network. The
computer can nectly draw & schematic of the network with the pertineni
values anc save these hand steps. To bhave tne coaputer make a sketca

would require a grid to be supcrimposed over ithe n. “rork, and the x, y
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coordingtes of each node would be included with the data preparstion.
Actually, finding the coordinates of the nodes would not be difficult
since pipelines usually run along streets, and 3ince scaled street maps
are read’ly available. Also, a saving of time with improved accuracy
would be derived from not having to measure the pipeline lengths, since
the computer could calculate the lengths from the given coordinates. The
nodes could be identified by their coordinate numbers rather than by an
arbitrary set of aumbers, and would thereby allow greater flexibility in
analyzing two networks tcgether, without the requirement uf renumbering
the nodes. The node coordinates sre found omly unce, whersas transcribing
the veluss to a schema’ic must be done every time the natwork is calculated

with a variation in desands.

To obtain an overall view of a network, pressure contsurs are over-
laid cn the network schematic. The contour lines are currently sstimsted
and drawn by hand, but the computer not only can plot the network schematic,
but alsc can calculate and draew pressure contour lines at the same time,
since all of the information is already in the computer after inclusion
of the node coordinates. Tbe user could immediately evaluate the network

as it comes from the computer, with no need for further manipulation.
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VII CONCLUSIONS AND DISCUSBSICN

Weier Supply Bvatew

As a result of our snslyesis of the water supply systeém in San Jose,
we concluded that the San .Jose Water Works is highly dependsrt upon 8lec-~
tric power snd that without such powar, its abiiity to deliver water is
limited to about 90 percent of the total service aree where it could de-
iiver norsal demand for about Z days. After this initial 2 day period,

E 3t could then only deliver 25 percent of normal demend for about 47 days.
In this power-off situstion, the cupaciiy of ithe water works is limited
by the amount of waver stored in digiribution resarveirs and the amount

of watsr that ic able to be rziessad from impoundment reservolrs,

It 18 clear, thorefore, that without eleciric power the ability of
the watsr avatem to astisy postatisck water negeds is iimited (o probably

at mazt, the water naeded for human consumption.

Any attampt to uge water fur the fighting of muss fires would rapidly
deplate (he wetsr storad in the distribution reservoirs. Snce the dis-
fribution siorage was depletsd, it appears improbable that use of water
* for Firefighting or &ay olher high rate consumpticon would be possible i

1 because 0 the limited grevity capability of the water systenm, f

The assumption of areawide power failure in tha immediate postattack

periocd is our unconfirmed conridereq opinion, a..1 therefores further in-

vastigation is needed to confirm or deny the possibility of power izilure

and determine the length of tiwe thal suck failure wouid last.

If no power failure occurred, or if power were vestored, we further
sonclyded that the Waisr Works would e capable of supplying approximatiaely
125 per.ent of normal demand without depleting available dist ‘ibution

gtorage. In other words, we concluded that the physical damage zustained
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by the water works was minimal erd that sfter several days to at most a
few weaks following the attack, full proattack production capacity and
distribation would be svailable,

The preceding comclusion iz based upon the operation of the system

52 of August 24, 1965, At that time the system was operated semiautomati-
cally by the uss o preset controls, which recuired the facilities to be
visited at least once daily. Since the physical camage sustzined by theo
syatem was limited to digryptiun of the furctioning of these controls and

no radioactive fallout wae present, we sssumed theat the postattack opera-

tion of the system would be by sanual control until the limited demage
could be rspairad.

Recernitly, the San Jose Water Works has begun fully sutomatic operation
of the water system. The operation is controlled by computer and utiiizes
& lessed telephore trunk iines to transmit data and commands batween the

compter control snd approximately 116 remote telemetering installsticns.

Therefore at presesnt, in addition o its dependence upon the power

system, vhe *ater gystem is also depsndent upin the telephone system,

Under the 1583 couditions of semiautomatic operation, we concludsd
that manual operation of the system ziter attack would not degrade the
postettack capabllity significantly. If the same attack were to occur in
the future, however, it would be much more difficult for the operating
personnel to return to menual operation of the sysiem, and loss of the
automatlic computer control would result ixn & mors serious degrasation of

the postattack capability of the weter systenm.

Since postattack manual control of the water system reguires ver~
sonnel to vigit or be stationed at the various facilitles pericdically,
the presence of fallout cuuld seriously hamper and complicate manual con-

trcl of the water system and significantly increase the ramifications of

the light damags,

The San Joge Weter Works is a large complicated system obimining ita

water auprply from both gravity surface watar and pumnpsd grrundwater supply
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sourceg. 3Joth the gravity and pumped water supplies are distributed geo-
graphically throv hout the system. Because of this, the system is able
to withstand light damage quite well., As the intensaity of attack in-
creases, the postattack capacity would declines. Also, as the location of
the attack was varied, keeping the intensity constant, the results would

remain relatively constant. This would result in a vulnerability distribu-
tion for the system.

I1f, on the other hand, the system relied on a single source for its
water supply, the results of an attack would be highly dependent upon the
relative locations of the attack and the source of supply. An analysis of
a system of this type could easily result in a vulnerability which would
be represented by a step function.

The akove considerations may be useful for analysis of other cities
in the FIVE CITY STUDY. Can the results provide a point on & vulnerability
distribution which may then be applied to like cities, or are the results

merely one end of a step function unique to the city in question?

During the course of conducting transattack and pestattack analyses,
analysts postulate the containment of mass fires and the decontamination
of radioactive fallout. One method of accomplishing this would require
large volumes of water, and hence the capabiiity of the water system to
deliver water becomes important. In our analysis, we concluded that in
the event of power failure, the San Jose Water Works would not be able to
deliver the required water for such high consumption rate purposes. In
the event of no power failure, we stated that approximately 125 percent
of normal demand with a normal pattern of distribution could be satisfied
without depleting available distribution storrge. Whether sufficient water
would be aveilable for high consumption rate usage with a nonnormal demand

pattern is unknown.

Even in a completely no damage situation, it is doubtful that the
normal water supply system for the average city could supply the wataer
required for the large scale firefighting that uses water. The systoms
are designed and nlzed for handling the normal frequency of fires en-

countered in average cities of their size and are not designed to deliver

113




large volumes of water in numerous locations simulteneously. The same is
true for decontamination. The normal system coculd probably supply small
decontamination projects in sequence but not manv large projects
simultaneously.

It would aprear fruitful for future research to investigate this
problem. Ome method for accomplishing this would be to obtain estimates
of the water demand (required supply rates and locations of demand) and
use a rapid method of network analysis of the type discussed in Cheapter
V1l to determine if these demands could be satisfled.

Sewage System

As a result of our analysis of the San Jose sewage system, we con-
cluded, as we did with the water system, that the postattack functicning
of the system is highly dependent upon electric power. The postattack
problem, however, is somewhat different. With water, we could not deliver
it without power. With sewage, we could collect it with no significant

problems but we could not accomplish treatment of the sewage.

Therefore, as far as the City of San Jose is concerned, there is no
sewage collection and disposal problem after attack. Postattack operation
simply bypasses the sewage treatment plant and disposes of the sewage in

San Francisco Bay.

Regionally, however, the postattack sewasge problem is quite different.
The sewage treatment plants of Menlc Park, Palc Alto, Mountain View, Sunny-~
vale, Milpitas, as well as the San Jose-Santa Clara plant, all form a semi-
circla around tho postulated nuclear burst. Therefore, all these treatment
plants will be inoperable postattack and wili be dumping raw sewage into
the southern end of San Francisco Bay. The postattack sewage problem, then,
is noi what problems are encountered within Eﬁg_ﬁifi ag & result of the
attack but rather what problems are encountersd regionallz a8 a result of
tie attack. Are tho regional problems of pest-vector control, water
pollution, anr odor centrol significant after gsttack, or will they take

cars of themselves until the sewage treatment plants are rapaired? In
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terms of regional considerations, is postattack sewsge treatwent a nicety

or & necessity?

The problam of the availability of power to operate the sewage treat-
mont plant is also different from that encountered in the water supply
systom, With water, the power is supplied by another utility. With sew-
age, however, the treatment plant generates its own power. The loss of
pover, therefore, is strictly a sewage problem and not an interaction

betwean the sewasge and power systems.

Drainage System

As a result of our analysis of the San Jose Drainage System, we con-
cluded thet the vulnerability of this system to the nuclear attack postu-
lated for this first iteration of the FIVE CITY STUDY is not a significant

problem because no serious damage is expected,
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Appendix A

HnRDY-CROSS WATER NETWORK ANALYSIS
WITH THE METHOD OF BALANCED FLOWS

Besides the method of balanced-heads, another method called baianceri-
flows was developed by Hardy-Cross. The balanced-flows method has hean
found to give higher accuracy and 1s being used mcre. The method of
balanced-heads starts with the initial flow values chosen so that the
water flow at the junctions is balanced, and corrections are made to the
flow of each., However, in the method of balance-flows, the initial head
less values are chosen so that the head lass uf the lire of each loop is
in halunce, and corrections are made to the head loss of each line hy

using the ncde relationships.

The correction of head loss AH at a node is

- 1.85 22
AH = 1.85 WQ

The flow chart for the method of balanced flow is shown in Figure aA-1.
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Figure A-1

PROCEDURE FOR BALANCED FLOW METHOD

(Rmgonle TR
DATA @

®
CALCULATE k FRICTION l L. 10.43 L
FOR ALL LINES pi-87 (1.85
B 1/
CALCULATE FLOWS Q Q- (_u_) 1.85
FOR ALL LINES k

CALCULATE ¥ Q FOR
ALL NODES

ARE THE
¥ Q OF ALL NODES
UNDER LIMIT

—n—

PRINT
RESULTS
CALCULATE HEAD

CORRECTION Ah Ah
FOR ALL NODES

o
MODIFY HEAD CORRECTION

Ah FOR ALL NODES TN
SPEED CONVERGENCE

. 1.85Tg
h

FOR EACH NODE ADD THE

CORRECTION TO EACH h~h + 4h
LINE HEAD LOSS

A-2

o
+




@ppendix B
DAVIDON MINIMIZATION METHOD

E In recent years, a numbcer cf iterative techniques have been developed
to solve an equation with numerous variables, A method based on the pro-
perties of a guadratic function is one of the more successful spproaches,
and this generalized minimization technique is described from a method
developed by Davidon,1 who applied it for least squares fitting to para~
meiers of nuclear physics equations. The method was modified by Fletcher'!

and Powell,12 whe provided the proofs of convergence.

To use the powerful Lezvidon method, the water network equations must
be described in terms of a single minimizing function which could he
formed in numerous ways, including cost figures and other important con-
siderations involving the water network if desired. The method has been
applied to smsll networks with good results, but when the networks become
larger, the convergence slows down and mor> development is required before
the Davidon method will compare favorably to the modified Hardy-Cross method

for water network analysis.

The steps and symbols of the Davidon method are shown in v¥igure B-1
and Table B-~1. The Davidon method begins as the steepest aescent method
by taking the correction or step size for each variable proportional to
its gradiezat. The subsequent step sizes are modified by a matrix A which
embodies information learned from previous iterations and hence has a huge
advantage cver other methcds that treat each iteration independently. If
the function F to be minimized were in quadratic form, the solution would
be found in N or less jterations where N is the number oi variables. Also,

the matrix A tends to be the reciprocsl of the second derivative matrix G,

where Gi'i = azF/aQidQJ.
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PROCEDURE FOR DAVIDON

Figure B-1

MINIMIZATION METHOD

£ =1, N
Qi = initial values
A = 1nitial values
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SYMBOLS FOR DAVIDON METHOD

U = number loops in the network

V = aumber nodes in the network

N1 = number of lines in the ith loop

MJ = number of lires in the jth node

8, = BF/BQi, is partial derivative of the function

F with respect to the line Qi

e = minimizing function

Gi = the error in head ioss 1or the 1 :00p

6J = the zitos in fiow for the j node

h1 = 15 the head loss of the £th line in the itn node
£

QJ = 18 the flow of tne Ith line in the jth node,
£

In the first box of Figure B-1l, it is assumed that the data are read
and all chccking and initialization of the flows in each line are made.
The A matrix is initially taken as the identitx =a¢rix and carries the
effect of previous iterstions. The values S£ gives the direction and

relative magnitude of the correction to be added to the flow Q, of the

£~th linc. jo find the value of the correction (UL = a8.) tn iach line £,
a suboptimum routine gives the value & such that F (Qz +~asy) 1s a mini -~
mum. Any one-dimensional suboptimum routine can be used to,find o. In
box 3 of the figur2>, the new value of the flow in each line is given by
adding a correctiorn to the old value. The derivative is also ralculated
along with the new value of the funciion F. Box 4 of the figure indicates

whether the network has been solved to the degree of accuracy desired, and

if all the fiow corrections are less than a preset minimum. If the test
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i8 not satisfied, then the A matrix 1is modified (Box ) and a new relative
magnitude and direction for the flow in cach line i3 calculated. Box 6
increments the iteration counter and the process continued until the test

is satisfied.

The water network loop and node equations can be combined into one
function to be minimized. One way to formulate the function 1s similar

to a least-squares-fitting approach.

v
F=10()° + 00 )?
i=) i 3=1 3

where e:l is the error in the i loop equation and 6J is the errcr of the

J-th node equation:

Ni
[4 = Zh
1 gt
M
3
6. = TQ. -
3 ge1dg

The function F is zero only when both the loop and node equation are
satisfied, and thus when the water network is solved. Care must be taken
that all the loop and node equations are considered. The basic number of
loop and node equations must equal the number of lines plus one for a true

solution.

For a network where the elevations are given, imaginary lines beiween
these eievation points are drawn so that new loops are ohtained to account

for the added information, similar to the Eardy-Cross method. In these

imaginery lines, however, the head loss is taken as a constant equal to the

difference of eievation at the ends of the line.
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VULNERABILITY OF THE WATER, SEWAGE,
AND DRAINAGE SYJSTEMS IN SAN JOSE
by
David W. Goodrich, E. Patrick Webster, Jr.,
C. A. Kamradt, and F. Howard Merrick
Stanford Research Institute
October 1967

Prepared fcr
Office of Civil Defense
Department of the Army - 0SA
Under —
Work Unit 4334-A
Contract OCD-PS5-64-201

DETACHABLE SUMMARY

Scope

The FIVE CITY STUDY is ap iterative process. This report deals with

the firat iteration of the FIVE CITY STUEY in San Joge, Californila, end re-

ports the expected damage that would result from sn assumed 5-MT nuclear
weapon detonation 14,500 feet ovar the southern end of San Francisco Bay
north of the City of San Jose (Latitude 372735N, Longitude 1220329W) at
8:52 pm PDT on August 24, 1965.

This report describes and analyzes the vulnerability of the water,
sewage, and drainage systems facilities in San Jose as thev existed on
August 24, 1965, with civil defense preparedness and counterneasures that
existed at vhat time. Nc attempt is made to analyze postattack recovery;
this is the subject of another OCD work unit. The transportation and

communications systems are to be analyzed and reported separately.

Objectives

The objectives of this work unit for the water, sewage, snd drainage

systems were to:

1. Determine the extent of damage and service interruptions to be

faced by local utilities in the ovent of nuclear attack.
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2. Review and codify emergency countermcasures that may be employe.t

to modify the interruption of utility services following nuclcar

attacks.
3. Determine the interactions among the various separate utilities
and the effects of these interactions upon the ability of <

utility system as a whole to maintain service after a nucionc

attack.
4. Provide damage information to facilitate future study of the

AR5

cost and effort required for the recovery of local utilit

following nuclear attack.
Develop a methodology by which the effacts of nuclear attacks

[#]

upon local utility systems may be rapidly and comprehensively
analyzed, taking into account the interactions among the various
separate utilities.

6. Provide information to enable study of the interactions bLetween

the local utilities system and other segments of the economy.

Since the FIVE CITY STUDY is an iterative process, these objectives
will aot be completely achieved until more than one iteration has been
performed in each of the FIVE CITIES. However, this report presents an
initial effort toward fulfilling the above objectives.

The report presents the damage to the facilities of, and the asso-
clated service interruption of, the water, sewage, and drainage systems in
San Jose as a result of the assumed attack. Some emergency countermeasures
that may be employed to modify the interruption of service are discussed
but further work is required in this area. The interactions between the
water, sewage, and drainage systems and the electric power system are
analyzed, but additional research concerning interactions xill be required

when the work units studying electric power and natural gas complete their

research.
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This report and the FIVE CITY STUNY VWerking Papers* associated with
it provide damage information to facilitate future study of the cost and
effort required for recovery of the water, sewage, and drainage systems
in San Jose and also provide informatior allowing study of the interac-
tions between these utilities and other segments of the ecorcay in San
Jose. This report also presents the basis for development of a method-
ology to analyze tbe effects of nuclear attack upon local utility systems

and discusses methcds for rapidly performing network analyses of wacer
supply systems,

Summary

Water Supply

The water supply system in San Jose is higkly dependent on electric

power for well and booster pumping. Hovever, since the San Jose Water

Works obtains its water supply from voth yroundwater and surface water

sources, some residual suprly capability w.l] exist in the event that the

supply of electric power is interrupted.

Immediately afier attack, if power is interrupted, the water supply

system will be able to supply about 2 days' normal demand in 90 percent of

the service area. This wil. deplete available distribution storage, und

after 2z days, the capahilit, would drop to 25 percent of normal demand for

an additionel! 47 dayvs. This will deplete impoundment storage. Withouu

* "San Jose Water Suppiy System-~-Station Damage Reports,” FIVE CITY STUDY
Working Papers 58-11101-4334A-01 to --19, Stanford Research Institute,
TN-0AP-101 to -118, OGctober 1966.

"San Jose Water Supply System--General System Description Report,” FIVE

CITY STUDY Working Paper 58-11101-4334A-20, Stanford Research institiute,
TN-CAP-120. November 1966.

"San Jose Drainage System,’ FIV

FIVE CITY STUDY Working Paper 5S-11101-4334A-21,

Staniord Research Institute, TN-OAP-121, December 1066.

"San Jose Sewage System," FIVE CITY STUDY Working Paper 5S-11101-4334A-22,
Stanford Research Institute, TN-OAP-122, January 1967.

"Sen Jose Water Supply System--System Degradation Report,' FIVE CITY STUDY

Working Paper 58-11101-4334A-23, Stanford Ressarch Institute, TN-DAD-.123
January 1967 .
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power for wall and bonster pumps, water for sustained f{ighting of mass fire
or for other high consumption rate usas wonld rot bc expecced to be avall-

able at the required vclumes or pressures.

In the event electric power is not interrupted or after the initial
power failure wag corvected, the wator supply system would be able to
supply 125 percent oi the average August 1965 demands without depleting
available distribution storage. The availahility of exress pumping cepac-
ity and distridution storage would be expected to permit limited tirefight-
ing, provided that firsfighting filov did not withdraw water to such an ex-
tent us to degrade the water pressure below required minimums.. This pro-
vision could present a major problem in the sustained fighting of mass fiie.

even with an undamaged water system.

After several days to, at most, a few weeks following the attack, full
preattack production capacity and distribution would be axpectad to be

available.

The lack of fallout will be a deciding factor in the postattack capa-
bility of the water system. If fallout were present, postattack mra.ual
control of the svstem would be difficult at best, wiib a cesulting de-

crease in capability.
Sewage

The sewage collection system in 3an Jose was found to be only slightly
dependent upon electric power, since the coliection system is predominantly
a gravity collection system. No significant damage is expected to accur to
the collectisn system as a result of the attack, and therefore no post-
attack problem is expected to hinder the collection of sewage in the City

of Sar Jose,

The sewage treatment plant, which performe both primary and secondary
treatment, 3s highly dependent cn electric power for its operation. The
problem is differeat, howcver, from that encountered with the water supply
system, since the San Jos:-Sinta Clara Water Pollution Control Plant pro-

ducos its cwn pever and kas no provision for the importation of outside

power,
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The sewage treatment plant, in addition to using large amounts of

power, requires large volumes or process air. Extensive damage is ex-

pected to cccur to the power generatiop and air production equipment and

the auxiliary equipment necessary for power distribution and plant control.

As a result of the damage, no sewage treatment will be possible, ant the

sewege will therefore have to bypass the plant through an existing bypass

line and discharge directly to San Francisco Bay. After some postattack

emergency repair, perhaps on the order of several man-days, chlorination

to attempt <isinfection of the bypassed sewage may be performed.

Sufficient repair to permit primary treatment before bypassing the
sewage to the bay would require perhaps on the order of a few man-years.
Restoring the treatment plant'’s ability to perform ‘ull prim..y and sec-
ondary treatment and sludge handling would demard extensive reconstruction,

requiring perhaps on the order of several man-vears of repair and recon-
struction effort.

Since no problem is expected regarding the collection of sewage in

the City of San Jose, only the treatment of this collected sewage will be

of concern in the postattack perind. All the sewage treatment plants

serving the cities of Menlo Park, Palo Alto, Mountain View, Sunnyvale,

and Milpitas form s semicircle around the postulated nuclear burst; there-
fore the postattack sewage problem is one of regional concern, comprising
water pollution control and pest-vactor-odor control in the southern end

of San Franciseo Bay, Whether this is a significant postattack problem

remains to be determined and is beyond the scope of this work unit.

gzginage

The dralnage system in the City of San Jose is essentially 182 sep-

arate, predominantly gravity systems tied tcgether by improved and unim-

proved natural drainage ways. No sigunificant damage is expected from the

effects of tre postulated attack, hence no significani postattack problems

are oxpected to nccur with regard to the drainage system in San Jose.




